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Description 



RECOMBINANT ALFHAVIRUS VECTORS 



Technical Fidd 

The present invention relates generally to use of recombinant viruses as vectors, and 
more specifically, to recombinant alphavinises which are cl^)able of expressing a 
heterologous sequence in target cells. 



Background of the InventicMi 

Alphaviiuses comprise a set of serologically related ardvopod-boine viruses of the 
Togavirus fiunily. Briefty. alphavinises are distributed worldwide, and persist in nature 

20 through a mosquito to vertebrate cycle. Birds, rodents, horses^ primates, and humans are 
among the defined alphavirus vertebrate reservoir/hosts. 

Twenty-six known viruses and vims subtypes have been classified within the 
alphavirus genus utiliang the hemagglutination inhibition (HI) assay. Briefly, the HI test 
segregates the 26 alphavinises into three major complexes: the Venezuelan encephalitis 

25 (VE) complex, the Semliki Forest (SF) complex, and the western encephalitis (WE) 
complex. In addition, four additional viiuses, eastern encq>hal]tis (EE), Barmah Forest, 
Kfidddburg, and Ndumu, recdve individual dasafication based on the HI serological ass^. 

Members of the alphavirus genus are also classified based on their rdative clinical 
features in faunums: alphavinises associated primarily with encephalitis, and alpha\inises 

30 assodated primarily with fever, rash, and polyarthritis. Induded in the finrmer group are the 
VE and WE complexes, and EE. In general, infi^on vinth this group can result in 
permanent sequelae, including behavior changes and learning disabilities, or death. In the 
latter group is the SF complex, comprised of the individual alphavinises Chikungunya, 
0*nyong-nyong, Sindbis, Ross River, and Mayaro. With respect to this group, although 

35 serious epidemics have been reported, infection is in general self-limiting, without permanent 
sequdae. 

Sindbis vims is the prototype meniber of the dphaviras genus of the Togavims 
fiumly. Althou^ not usually apparent, diiucal manifisstations of Sindbis wus infecdon 
indude fever, arthritis, and rash. Sindbis vims is distributed over Europe, Afiica, Asia, and 



15 



wo 96/17072 



-2- 



FCrAJS95/15490 



Australia, with the best epidemiological data coming from South Africa where 20% of the 
population is seropositive. (For a review, see Peters and Dalrymple^ Fields Virology (2d ed). 
Fields et al. (eds.), B.N. Raven Press. New York, NY, chapter 26, pp. 713-762). Infectious 
Sindbis virus has been isolated from human serum only during an outbreak in Uganda and in 
a single case from Central Africa. 

The morphology and morphogenesis of the alphavirus genus is generally quite 
uniform. In particular, the enveloped 60-65 nm particles infect most vertebrate cells» where 
productive infection is cytopathic. On the other hand, infection of invertebrate cells, for 
example, those derived from mosquitoes, does not result in any overt cytopathology. 
Typically, alphaviruses are propagated in BHK-21 or vero cells, where growth is rapid, 
reaching a maximum yield within 24 hours of infection. Field strains are usually isolated on 
primary avian embryo, for example chick, fibroblast cultures. 

The genomic RNA (49S RNA) of alphaviruses is unsegmented, of positive polarity, 
approximately 11-12 kb in length, and contsuns a S' cap and a 3' polyadenylated 'tail. 
Infectious enveloped virus is produced by assembly of the viral nucleocapsid proteins onto 
viral genomic RNA in the cytoplasm, and budding through the cell membrane embedded with 
viral encoded glycoproteins. Entry of virus into cells occurs by endocytosis through 
clatherin-coated pits, fusion of the viral membrane with the endosome, rdease of the 
nucleocapsid and uncoating of the viral genome. During viral replication, the genomic 49S 
RNA serves as template for synthesis of the complementary negative strand. The negative 
strand in turn serves as template for genomic RNA and for an internally initiated 26S 
subgenomic RNA. The non-structural proteins are translated from the genomic RNA. 
Alphaviral structural proteins are translated from the subgenomic 26S RNA. All viral genes 
are expressed as polyproteins and processed into individual proteins by proteolytic cleavage 
post translation. 

The use of recombinant alphavirus vectors to treat individuals requires that they be 
able to be transported and stored for long periods at a desired temperature, such that 
infectivity and viability of the recombinant ^rus is retained. Current methods for storing 
recombinant viruses generally involve storage as liquids and at low temperatures. Such 
methods present problems in Third World countries, which typically do not have adequate 
refrigeration capabilities. For example, each year in Africa, millions of children die from 
infectious diseases such as measles. Vaccines necessary for the prevention of these diseases 
cannot be distributed to the majority of these countries because refrigeration is not readily 
accessible. 

In addition to storage as liquids and at low temperatures, present vmX foimulations 
often cont^n media components that are not desirable for injection into patients. 
Consequently, there is a need in the art for a method of preserving purified recombinant wal 
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vector (and in particular, alphavirus vectors) in a lyophilired form at elevated temperatures, 
and for this form to be suitable for injection into patients. 

The present invention discloses recombinant alphavirus vectors which are suitable for 
use in a variety of applications, including for example, gene therapy, and further provides 
other related advantages. 

Summary of the Invention 

BridJy stated, the present invention provides alphavirus vector constructs and 
alphavirus particles, as well as methods of making and utilizing the same. Within one aspect 
of the present invention, alphavirus vector constructs are provided comprising a 5' promoter 
which is capable of initiating the synthesis of viral RNA in vitro from cDNA, a 5' sequence 
which is capable of initiating transcription of an alphavirus, a nucleotide sequence encoding 
alphavirus non-structural proteins, a viral junction region which has been inactivated such 
that viral transcription of the subgenonuc fragment is prevented, and an alphavirus RNA 
polymerase recognition sequence. Within other aspects of the present invention, the viral 
junction region has been modified such that viral transcription of the subgenomic fragment is 
reduced. 

Within yet other aspects of the pres«it invention, alphavirus vector constructs are 
provided comprising a 5' promoter which is capable of initiating the ^nthesis of viral RNA 
in vitro from cDNA, a 5' promoter which is capable of initiating the qmthesis of viral RNA 
in vitro from cDNA 5' sequence which is capable of initiating transcription of an alphavirus, 
a nucleotide sequence encoding alphavirus non-structural proteins, a first viral junction 
region which has been inactivated such that viral transcription of the subgenomic fragment is 
prevented, a second viral junction region which has been modified such that viral 
transcription of the subgenomic fragment is reduced, and an alphavirus RNA polymerase 
recognition sequence. 

Within still other aspects of the present invention, alphavirus cDNA vector constracts 
are provided, comprising a 5' promoter which is capable of initiating the synthesis of viral 
RNA in vitro from cDNA. followed by a 5' sequence which is capable of initiating 
transcription of an alphavirus, a nucleotide sequence encoding alphavirus non-structural 
protdns, a viral junction region which has been inactivated such that viral transcription of the 
subgenomic fragment is prevented, an alphavirus RNA polymerase recognition sequence, and 
a 3' sequence which controls transcription termination. 

Within another aspect of the present invention, alphavirus cDNA vector constructs 
are p«)vided, comprising a 5' promoter which is capable of initiating the synthesis of viral 
RNA from cDNA followed by a 5' sequence which is capable of initiating transcription of an 
alphavirus, a nucleotide sequence encoding alphavirus non-structural proteins, a wal 
junction region which has been modified such that viral transcription of the subgenomic 
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fragment is reduced^ an alphavinis RNA polymerase recognition sequence* and a 3' sequence 
which controls transcription termination. 

Within another aspect of the present invention, alphavirus cDNA vector constructs 
are provided, comprising a promoter which is capable of initiating the synthesis of viral RNA 
from cDNA followed by a 5* sequence which is capable of initiating transcription of an 
alphaxnnis, a nucleotide sequence encoding alphavinis non-structural protdns, a first viral 
junction r^on which has been inactivated such that viral transcription of the subgenomic 
fragment is prevented, followed by a second viral junction region which has been modified 
such that viral transcription of the subgenomic Augment is reduced, an alphavdrus RNA 
polymerase recognition sequence, and a 3* sequence which controls transcription termination. 

Within other aspects of the present invention, eukaryotic layered vector initiation 
systems are provided, comprising a promoter which is capable of initiating the 5* synthesis of 
RNA fix>m cDNA, a construct which is capable of autonomous replication in a ceU, the 
construct being capable; of expressing a heterologous nucleic acid sequence, and a 3' 
sequence which controls transcription termination. Within a related aspect, eukaryotic 
layered vector initiation ^stems are provided, comprising a DNA promoter which is capable 
of initiating the 5' qrnthesis of RNA from cDNA, a construct which is capable of 
autonomous replication in a cell, the construct being capable of expressing a heterologous 
ribonucleic acid sequence, and a 3' DNA sequence which controls transcription termination. 
Within one embodiment, the construct within the eukaryotic layered vector initiation systems 
of the present invention is an alphavirus vector construct. Within other embodiments, the 
construct is derived from a virus selected from the group consisting of poliovirus, rhinovirus, 
coxsackieviruses, rubella, yellow fever, HCV, TGEV, ffi V, MHV, BCV, parainfluenza virus, 
mumps virus, measles virus, respiratory syncytial virus, influenza virus, RSV, MoMLV, HIV, 
HTLV, hepathis delta virus and Astroviais. Within yet other embodiments, the promoter 
which is capable of initiating the 5* synthesis of RNA from cDNA is selected fix)m the group 
consisting of the MoMLV promoter, metallothionein promoter, glucocorticoid promoter, 
SV40 promoter, and the CMV promoter. Within fiirther embodiments, the eukaryotic 
layered vector initiation systems further comprise a polyadenylation sequence. 

In further embodiments of the invention, in any of the above aspects the vector (e.g., 
alphavirus vector construct, alphavirus cDNA vector construct, or eukaryotic layered vector 
initiation system) may be derived from an alphavirus selected from the group consisting of 
Aura, Fort Morgan, Venezuelan Equine Encephalitis, Ross River, Semliki Forest, Sindbis, 
and Mayaro. 

In other embodiments, the vectors described above contain a heterologous sequence. 
Typically, such vectors contain a heterologous nucleotide sequence of greater than 100 
bases, generally the heterologous nucleotide sequence is greater than 3 kb, and sometimes 
greater than 5 kb, or even 8 kb. In various embodiments, the heterologous sequence is a 
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sequence encoding a protein selected from the group consisting of IL-l, IL-2, IL-3, IL-4, IL- 
5, IL-6, IL-7, IL-S, IL.9, IL-10, IL-! 1. IL.12, IL-IS, IL-U, IL-15, and y-IFN, G-CSF, and 
GM-CSF. Within other embodiments of the invention, the heterologous sequence may 
encode a lymphokine receptor. Representative examples of such receptors include receptors 
for any of the iymphokines set forth above. 

In still other embodiments, the vectors described above include a selected 
heterologous sequence which may be obtained from a virus selected from the group 
consisting of influenza virus, HPV, HBV, HCV, EBV, HIV, HSV, FcLV. FIV, Hanta virus. 
HTLV I, HTLV II and CMV. Within one preferred embodiment, the heterologous sequence 
obtained from HPV encodes a protein selected from the group consisting of ES, E6, E7 and 
LI. 

■f 

In yet other embodiments, the vectors described above include a selected 
heterologous sequence encoding an HIV protein selected from the group consisting of HIV 
gpllO^andgag. . :v 

The selected heterologous sequences described above may also be an antisense 
sequence, noncoding sense sequence, or ribozyme sequence. In preferred embodiments, the 
antisense or noncoding sense sequence is selected from the group consisting of sequences 
which are complementary to influenza virus, HPV, HBV, HCV, EBV, HIV, HSV, FcLV, 
FIV. Hanta virus. HTLV I, HTLV II, and CMV sequences. 

In another embodiment, the vectors described above contain no alphavirus structural 
protein genes. Within other embodiments, the selected heterologous sequence is located 
downstream from a viral junction region. In the vectors described above having a second 
viral junction, the selected heterologous sequence may, within certain embodiments, be 
located downstream from the second viral junction region. Where the heterologous 
sequence is located downstream from a viral junction region, the vector construct may 
further comprise a polylinker located subsequent to the viral junction r^on. Within 
preferred embodiments, such polylinkers do not cont»n a \^ld-type alphavirus virus 
restriction endonudease recognition sequence. 

In yet another embodiment, in the vectors described above the selected heterologous 
sequence may be located within the nucleotide sequence encoding alphavirus non-structural 
proteins. 

In particular embodiments, the vectors described above include a viral junction region 
consisting of the nucleotide sequence as shown in Figure 3, from nucleotide number 7579, to 
nucleotide number 7597 (SEQ. ID NO. 1). In alternative embodiments, where the vector 
includes a second viral junction, an E3 adenovirus gene may be located downstream from the 
second viral junction region. Vectors of the present invention may also further comprise a 
retroviral packaging sequence located between the first viral junction region and the second 
viral junction re^on. 
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In further aspects, the present invention provides an isolated recombinant alphavirus 
vector which does not contain a functional viral junction region, and which in preferred 
embodiments produces reduced viral transcription of the subgenomic fragment. 

In still a further aspect, the present invention provides an alphavirus structural protein 
expression cassette, comprising a promoter and one or more alpha^arus structural protein 
genes, the promoter being capable of directing the expression of alphavirus structural 
proteins. 

In various embodiments, the expression cassette is capable of expressing alphavirus 
structural proteins, such as an alphavirus structural protein selected from the group 
consisting of C, 6K, E3, E2, and E 1 . 

In yet another aspect, the present invention provides an alphavirus structural protein 
expression cassette, comprising a promoter, one or more alphavirus structural proteins, and a 
heterologous ligand sequence, the promoter being capable of directing the expression of the 
alphavirus structural proteins and the heterologous sequence. In various embodiments, the 
heterologous ligand sequence is selected from the group connsting of VSVG, HIV gpl20, 
antibody, insulin, and CD4. 

In certain embodiments, the expression cassettes described above include a promoter 
selected from the group consisting of metalldthionein, Drosophila actin 5C distal, SV40, heat 
shock protein 65, heat shock protein 70, Py, RSV, BK, JC, MuLV, MMTV, alphavirus 
junction region, CMV and VAIRNA.. Within other embodiments, the alphavirus structural 
protein is derived from an alphavirus selected from the group consisting of Aura, Fort 
Morgan, Venezuelan Equine Encephalitis, Ross River, Semliki Forest, Sindbis and Mayaro 
viruses. 

In still yet another aspect, the present invention provides alphavirus particles \^ch, 
upon introduction into a BHK cell, produces an infected cell which is viable at least 24 hours 
and as much as 48, 72, 96 or I week after infection. Also provided are mammalian cells 
^ch contain such alphavirus particles. 

In another aspect, the present invention provides recombinant alphavirus particles 
which, upon introduction into a BHK cell, produces an infected cell which is viable at least 
24 hours after infection, the particle also carrying a vector construct which directs the 
expression of at least one antigen or modified form thereof in target cells infected with the 
alphavirus particle, the antigen or modified form thereof being capable of stimulating an 
immune response within an animal. In various embodiments, the expressed antigen or 
modified form thereof elicits a cell-mediated immune response, preferably an HLA class I- 
restricted immune response. 

In still another aspect, the present invention provides recombinant alphavirus particles 
which cany a vector capable of directing the expression of a palliative in cells infected with 
the alphavirus particle, the palliative being capable of inhibiting a function of a pathogeiuc 
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agent necessaiy for pathogenicity. In various embodiments, the pathogenic agent is a viius. 
fungi, protozoa, or bacteria, and the inhibited function is selected fi-om the group consisting 
of adsorption, replication, gene expression, assembly, and exit of the pathogenic agent from 
infected cdls. In other embodiments, the pathogenic agent is a cancerous cell, cancer- 
promoting growth factor, autoimmune disorder, cardiovascular disorders such as restenosis, 
osteopOFoas and male pattern baldness, and the inhibited function is selected from the group 
conasting of cell viability and cell replication. In further embodiments, the vector directs the 
expression of a toxic palliative in infected target cdls in response to the presence in sudi 
cells of an entity assod^ed with the pathogenic agent; preferably the palliative is capable of 
selectively inhibiting the expression of a pathogenic gene or tnhitriting tlw activity of a 
protein produced by the pathogenic agent. In still further embodiments, the palliative 
comprises an inhibiting peptide specific for viral protease, an antisense RNA complementary 
to RNA sequences necessary for pathogeracity, a sense RNA complementary to RNA 
sequences necessary for pathogenicity, or a defective structural protdn of a pathogenic 
agent, such protein bdng capable of inhibiting assembly of the pathogenic agent. 

In yet further embodiments, alphavirus partides described above directing the 
expression of a palliative, more particulariy, directs the expression of a gene product capable 
of activating an otherwise inactive precursor into an active inhibitor of the pathogenic agent, 
for example, the herpes thymidine kinase gene product, a tumor suppressor gene, or a 
protdn that activates a compound with little or no cytotoxidty into a toxic product in the 
presence of a pathogenic agent, thereby effecting locdized therapy to the pathogenic agent. 
Altemativdy, the alphavirus partide directs the expression of a prt)tdn that is toxic upon 
processing or modification by a protdn derived from a pathogenic agent, a reporting product 
on the surface of target cdls infected with the alphavirus and containing the pathogenic 
agent, or an RNA molecule which functions as an antisense or ribo^e spedfic for a 
pathogenic RNA molecule required for pathogens. 

In certain embodiments, in the alphavirus partides described above, the protein is 
herpes thymidine kinase or CD4. 

In yet further aspects, the present invention provides alphavirus partides which direct 
the expression of a gene capable of suppressing one or more dements of the immune system 
in target cells infected mth the alphavirus. and an alphavirus partide which directs the 
expression of a blocking dement in cdls infected with the dphavirus, the blocking dement 
bdng capable of binding to dther a receptor or an agent such that the receptor/agent 
interaction is blocked. 

In further aspects, methods are provided for administering any of the above-described 
alphavirus particles or vectors, for a prophylactic or therapeutic effect. For example, within 
one aspect the present invention provides methods of stimulating an immune response to an 
antigen, comprising the step of infecting susceptible target cells with an alphavirus partide 
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which directs the expression of at least one antigen or modified form thereof in target cells 
infected with the alphavirus, the antigen or modified form thereof being capable of 
stimulating an immune response within an animal. In one embodiment, the target cells are 
infected in vivo^ although within other embodiments the target cells are removed, infected 
ex vivo^ and returned to the animal. 

In still further aspects of the present invention, methods of stimulating an immune 
response to a pathogenic antigen are provided, comprising the step of infecting susceptible 
target cells with an alphavirus particle which directs the expression of a modified form of a 
pathogenic antigen in target cells infected with the alphavirus, the modified antigen being 
capable of stimulating an immune response within an animal but having reduced 
pathogenicity relative to the pathogenic antigen. 

In even further aspects of the present invention, methods of stimulating an immune 
response to an antigen are provided, comprising infecting susceptible target cells with a 
alphavirus particle which directs the expression of a peptide having multiple epitopes, one or 
more of the epitopes derived from different proteins. 

In yet another aspect of the invention, methods of stimulating an immune response 
within a warm-blooded animal are provided, comprising infecting susceptible taiget cells 
associated with a warm-blooded animal ^th nucleic acid sequences coding for either 
individual class I or class II MHC protein, or combinations thereof, and infecting the cells 
with an alphavirus particle which directs the expression of at least one antigen or modified 
form thereof in target cells infected with the alphavirus particle, the antigen or modified form 
thereof being capable of stimulating an immune response within the animal. 

In another aspect of the present invention, methods of inhibiting a pathogenic agent 
are provided, comprising infecting susceptible target cells with an alphavirus particle which 
directs the expression of a palliative in cells infected with the alphavirus particle, the 
palliative being capable of inhibiting a function of a pathogenic agent necessaiy for 
pathogenidty. 

As utilized within the context of the present invention, vector or vector constructs 
which direct the expression of a heterologous sequence of interest in fact refers to 
transcribed vector RNA directs the expression of the heterologous sequence of interest. In 
addition, although "animals" are generally referred to, it should be understood that the 
present invention may be readily applied to a wide variety of animals (both mammalian and 
non-mammalian), including for example, humans, chimps, macaques, cows, horses, sheep, 
dogs, birds, cats, fish, rats, and nuce. Further, although alphaviruses such as Sindbis may be 
^ecifically described herein, it should be understood that a wide variety of other 
alphaviruses may also be utilized including, for example. Aura. Venezuelan Equine 
Encephalitis, Fort Morgan, Ross River, Semliki Forest, and Mayaro. 
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Within other aspects of the present invention, methods are provided for delivering a 
heterologous nucleic acid sequence to an animal comprising the steps of administering to the 
warm*bIooded animal a eukaryotic layered vector initiation system as described above. 
Within certiun embodiments, the eukaryotic layered vector initiation system may be 
S introduced into the target cells directly as a DNA molecule by physical means, as a complex 
with various liposome formulations, or as a DNA ligand complm mcluding the vector 
molecule (e.^., along with a polycation compound such as polyly^dne, a receptor specific 
ligand, or a psoralen inactivated virus such as Sendai or Adenovirus). 

The present invention also provides packaging cell lines and producer cell lines 

10 suitable for producing recombinant alphavirus particles. Such packaging or producer cell 
lines may be either mammalian or non-mammalian (e.g,^ insect cells such as mosquito cells). 
Within one embodiment, packaging cell lines are provided which, upon introduction of a 
vector construct, produce alphavirus particles capable of infecting human cells. Within other 
embodiments, the packaging cell line produces alphavirus particles in response to one or 

IS more factors. Within embodiments, alphavirus inhibitory protein is not produced within the 
packa^g cell line. 

Within other aspects, retroviral-derived packa^ng cell lines are provided which are 
suitable for packaging and production of an alphavirus vector. Within one embodiment, a 
retroviral-derived producer cell line suitable for packaging and production of an alphavirus 

20 vector is provided, comprising an expression cassette which directs the expression of 
gag/poi an expression cassette which directs the expression of env, and alphavirus cDNA 
vector construct containing a retroviral packaging sequence. 

Within another aspect, a VSV-G derived packaging cell suitable for packaging and 
production of an alphavirus vector, comprising a stably integrated expression cassette which 

25 directs the expression of VSV-G. Within a further embodiment, such packaging cell lines 
comprise a stably integrated expression cassette which directs the expression of one or more 
alphavirus structural proteins. Within yet other aspects, producer cell lines are provided 
based upon the above packaging cell lines. Within one embodiment, such producer cdls 
produce alphavirus particles in response to a differentiation state of the producer cell line. 

30 As utilized vnih the context of the present invention, alphavirus producer cell line refers to a 
cell line which is capable of producing recombinant alphavirus particles. The producer cell 
line should include an integrated alphavirus structural protein repression cassette capable of 
directing the expression of alphavirus structural protein(s), and also, an alphavirus vector 
construct. Preferably, the alphavirus vector construct is a cDNA vector construct. More 

35 preferably, the alphavirus vector construct is an integrated cDNA vector construct. When 
the alphavirus vector construct is an integrated cDNA vector construct, it may, in some 
instances, function only in response to one or more factors, or the differentiation state of the 
alphavirus producer cell line. 
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Within yet other aspects of the invention, ex vivo cells are infected with any of the 
above-described recombinant alphaviruses are provided. Within yet other aspeas, 
recombinant alphavirus particles are provided which are resistant to inactivation in serum. 
As utilized herdn, recombinant alpha^rus particles are considered to be resistant to 
inactivation in serum if the ratio of surviving particles to input/starting particles in a 
complement inactivation assay is greater in a statistically significant manner, preferably at 
least 5-fold, and as much as 10- to 20-fold, as compared to a reference sample produced in 
BHK cells. Within further aspects, pharmaceutical compositions are provided comprising 
any of the above-described vectors, or recombinant alphaxdrus particles/ in combination with 
a physiologically acceptable carrier or diluent. 

These and other aspects of the present invention will become evident upon reference 
to the following detailed description and attached drawings. In addition, various references 
are set forth below which describe in more detail certain procedures or compositions (tr.^., 
plasmids, etc.). These references are incorporated herein by reference in their entirety. 

Brief Description of the Drawings 

Figure 1 is a schematic illustration of Sindbis virus genomic organization. 

Figure 2 is an illustration which depicts a method for amplification of a Sindbis RNA 
genome by RT-PCR. 

Figures 3A-H set forth the sequence of a representative Eukaryotic Layered Vector 
Initiation System derived fi-om Sindbis {see also SEQ. ID NO. 89), 

Figure 4 is a schematic illustration of a Sindbis Basic Vector and a Sindbis-luciferase 

Vector. 

Figure S is an illustration of Sindbis Helper Vector Construction. 

Figure 6 is a graph which illustrates expression and rescue of a Sindbis-luciferase 

Vector. 

Figure 7 is an illustration of one method for modifying a Sindbis junction region. 

Figure 8 is a schematic illustration of a representative onbodiment of a Eukaryotic 
Layered Vector Initiation System. 

Figure 9 is a graph which shows a time course for luciferase expression from ELVIS- 
LUC and SINB V-LUC vectors. 

Figure 10 is a bar graph which depicts the level of vector reporter gene expresuon 
for several different vector constructs. 

Figure H is a schematic illustration of Sindbis Packaging Expression Cassettes. 

Figure 12 is a bar graph which shows SIN-Iuc vector packaging by representative 
packaging cell lines. 

Figure 13 is a bar graph which shows SIN-Iuc vector packa^ng by PCL clone #18 
overtime. 
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Figure 14 is a bar graph which depicts the level of expression by several different 
luciferase vectors in BHK cells and undifferentiated F9 cells. 

Figure IS is a schematic illustration of how Astroviruses or other heterologous 
viruses may be used to express Sindbis structural proteins. 

Rgure 16A is a bar graph which shows Sindbis BV-HBe expression and packaging in 
BHK cells (lysate). Figure 16B is a bar graph which shows Sindlns BV-HBe expresaon and 
packaging in BHK cells (supernatant). 

Figure 1 7 is a bar graph which shows Sindbis B V-HB core expi«saon and packaging 
in BHK cells. 

Figure 18 is a bar graph which shows a comparison of HB core expressed fiom 
Sindbis and RETROVECTORS™. 

Figure 19 is a bar graph which shows ELVIS-HBe vector expression in BHK ceUs. 

Figure 20A-D is a schematic illustration of several representative mechanisms for 
activating a disabled viral junction region by "RNA-loop-out." 

Detailed Description of the inv^j^p 

Prior to setting forth the invention, it may be helpful to an understanding thovof to 
first set forth definitions of certain terms that will be used hereinafter. 

" Alphflvirvs vegtor cgngtWCt " refers to an assembly which is capable of directing the 
expression of a sequence(s) or gene(s) of interest. The vector construct should include a 5' 
sequence which is capable of initiating transcription of an alphavinis. as well as sequence(s) 
which, when expressed, code for biologically active alphavirus non-structural proteins {e.g., 
NSPl. NSP2. NSP3, and NSP4). and an alphavirus RNA polymerase recognition sequence. 
In addition, the vector construct should include a viral junction region which may, in certain 
embodiments, be modified in order to prevent, increase, or reduce vital transcription of the 
subgenomic fi^ent and an alphavirus RNA polymerase recognition sequence. The vector 
may also include nucleic acid molecule(s) which are of a size sufficient to aUow production 
of viable virus, a 5' promoter which is capable of initiating the symhesis of viral RNA in vitro 
firom cDNA, as well as one or more restriction sites, and a polyadenylation sequence. 

" Alpbavirug cDNA vgctpr r-on!?rnta * refers to an assembly which is capable of 
directing the expression of a sequence(s) or gene(s) of interest. The vector construct should 
include a 5' sequence which is capable of initiating transcription of an alphavirus. as weU as 
sequence(s) which, when expressed, code for biologically active alphavinis non-structural 
proteins {e.g., NSPI, NSP2, NSP3, and NSP4), and an alphavirus RNA polymerase 
recognition sequence. In addition, the vector construct should include a 5' promoter which is 
capable of initiating the synthesis of viral RNA ftxm cDNA, a viral junction region which 
may, in certain embodiments, be modified in order to prevent, increase, or reduce viral 
transcription of the subgenomic fragment, an alphavirus RNA polymerase recognition 
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sequence, and a 3' sequence which controls transcription termination. The vector may also 
include nucleic acid molecule(s) which are of a size sufficient to allow production of viable 
virus, splice recognition sequences, a catalytic ribozyme processing sequence, as well as a 
polyadenylation sequence. 

"Expression cassette" refers to a recombinantly produced molecule which is capable 
of expressing alphavirus structural protein(s). The expi^ession cassette must include a 
promoter and a sequence encoding alphavirus structural protdn(s). Optionally, the 
expression cassette may include transcription termination, splice recognition, and 
polyadenylation addition sites. Preferred promoters include the CMV and adenovirus 
VAIRNA promoters. In addition, the expression cassette may contain selectable markers 
such as Neo, SV2 Neo, hygromycin, phleomycin, histidinol, and DHFR. 

"Recombin ant alphavirus particle " refers to a capsid which contains an alphavirus 
vector construct. Preferably, the alphavirus capsid is contained within a lipid bilayer, such as 
a cell membrane, in which viral encoded proteins are embedded. A variety of vectors may be' ^ 
contained wthin the alphavirus particle, including the alphavirus vector constructs of the 
present invention. 

A. SoiJRCES OF Alphavirus 

As noted above, the present invention provides alphavirus vector constructs, 
alphavirus particles containing such constructs, as well as methods for utilizing such vector 
constructs and particles. Briefly, sequences encoding wild-type alphavirus suitable for use in 
preparing the above-described vector constructs and particles may be readily obtained given 
the disclosure provided herein from naturally-occurring sources, or from depositories (e.g., 
the American Type Culture Collection, Rockville, Maryland). 

Representative examples of suitable alpha^aruses include Aura (ATCC VR.368), 
Bebaru virus (ATCC VR^OO, ATCC VR.1240), Cabassou (ATCC VR-922), Chikungunya 
vims (ATCC VR-64, ATCC VR.1241), Eastern equine encephalomyelitis vinis (ATCC VR- 
65, ATCC VR-1242), Fort Morgan (ATCC VR-924), Getah virus (ATCC VR.369, ATCC 
VR-1243), Kyzylagach (ATCC VR.927), Mayaro (ATCC VR^), Mayaro viixis (ATCC 
VR.1277), Middleburg (ATCC VR-370), Mucambo virus (ATCC VR-580, ATCC VR- 
1244), Ndumu (ATCC VR-371), Pixuna virus (ATCC VR-372, ATCC VR-1245), Ross 
River virus (ATCC VR-373, ATCC VR-1246), Semliki Forest (ATCC VR-67, ATCC VR- 
1247), Sindbis virus (ATCC VR-68, ATCC VR-1248), Tonate (ATCC VR.925), Triniti 
(ATCC VR-469), Una (ATCC VR.374), Venezuelan equine encephalomyelitis (ATCC VR- 
69), Venezuelan equine encephalomyelitis virus (ATCC VR.923, ATCC VR-1250 ATCC 
VR-1249, ATCC VR.532), Western equine encephalomyelitis (ATCC VR-70, ATCC VR- 
1251, ATCC VR-622, ATCC VR-1252), Whataroa (ATCC VR.926), and Y-62-33 (ATCC 
VR.375). 
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B. SEQUENCES Which FKifon r. Wild-Type Sikdbis Virus 

Withiii one particulariy preferred aspect of the present invention, the sequences which 
encode wild-type alphavirus may be obtained from the Sindbis virus. In particular, within 
one embodiment of the invention (and as described in more detail below in Example 1), a 
Sindbis cDNA done may be obtained by linking the 5' end of a Sindbis virus cDNA done to 
a bacteriophage RNA polymerase promoter, and the 3' end of the cDNA done to a poly- 
adenosine (poly A) tract of at least 25 nudeotides. In particular, synthesis of the first cDNA 
strand from the viral RNA template may be accomplished with a 3' bligonudeotide primer 
having a consecutive sequence comprising an enzyme recognition sequence, a sequence of 25 
deoxythymidine nucleotides, and a stretch of approximatdy 18 nudeotides which is 
complementary to the viral 3' end and with a 5' primer containing buffer nudeotides, an 
enzyme recognition sequence, a bacteriophage promoter, and a sequence complimentaiy to 
the viral 5' end. The enzyme recognition sites present on each of these primers should be 
diflFerent from each other, and not found in the Sindbis virus. Further, the first nudeotide 
linked to the 3* end of the bacteriophage RNA polymerase promoter may be the authentic 
first nudeotide of the RNA virus, or may contain one or more additional non-viral 
nudeotides. RNA transcribed in vitro from the viral cDNA done, having the construction 
described above and linearized by digestion with the unique dT:dA 3' distal restriction 
enzyme will, after introduction Into the appropriate eukaryotic cell, initiate the same infection 
cyde which is characteristic of infection by the wild-type virus from which the cDNA was 
doned. This viral cDNA clone, which yields RNA able to initiate infection after in vitro 
transcription, is referred to below as an "infectious cDNA done." 

C. PRODUCTION OF RECCIMRIKIANT Al PHAVIRli S VECTOR CONSTRUCTS WTTH 

Inactivated Vir<Ai. Junction Rf/iions 

An infectious cDNA done prepared as described above (or utilizing sequences 
encoding an alphavirus obtained from other sources) may be readily utilized to prepare 
alphavirus vector constiucts of the present invention. Briefly, within one aspect of the 
present invention recombinant alpha^drus vector constructs are provided, comprising a 5* 
sequence which is capable of initiating transcription of an alphavirus, a nudeotide sequence 
encoding alphavirus non-structural proteins, a viral junction region which has been 
inactivated such that viral transcription of the subgenomic fragment is prevented, and an 
alphavinis RNA polymerase recogra'tion sequence. As will be discussed in greater detaO 
below, alphavirus vector constructs which have inactivated viral junction r^ons do not 
transcribe the subgenomic fitigment. making them suitable for a wide variety of applications. 
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1. RNA POLYMERASE Promoter 

As noted above, within certain embodiments of the invention alphavirus vector 
constructs are provided which contain a S' promoter which is capable of initiating the 
synthesis of viral RNA in vitro fcom cDNA. Particularly, preferred 5' promoters include both 
eukaiyotic and prokaiyotic promoters, such as, for example, the 0-galactosidase promoter, 
trpE promoter, lacZ promoter, T7 promoter, T3 promoter, SP6 promoter, SV40 promoter, 
CMV promoter, and MoMLV LTR. 

2. SEQUENCES WHICH iNmATE TRANSCRIPTION 

As noted above, within preferred embodiments the alphavirus vector constructs of 
the present invention contain a 5* sequence which is capable of initiating transcription of an 
alphavirus. Representative examples of such sequences include nucleotides 1-60 of the wild- 
type Sindbis virus (see Figure 3), nucleotides 10-75 for tRNA Asparagine (Schlesinger et al., 
U.S. Patent No. 5,091 and .SV sequences from other Togaviruses which initiate 
transcription. 

3. A1.PHAVIRIIS NON-STRUCTIJRAL PROTEINS 

Alphavirus vector constructs of the present invention should also contain sequences 
which encode Alphavirus Non-Structural Proteins (NSP). As an example, for the Sindbis 
virus there are four Sindbis non-structural proteins, NSPl, NSP2, NSP3 and NSP4, which 
encode proteins that enable the virus to self-replicate. Non-structural proteins 1 through 3 
(NSP1-NSP3) are, within one embodiment of the invention, encoded by nucleotides 60 to 
5750 of the wild-type Sindbis virus {see Figure 3). These proteins are produced as a 
polyprotein and later cleaved into non-structural proteins NSPl, NSP2, and NSP3. NSP4 is, 
within one embodiment, encoded by nucleotides 5928 to 7579 {see Figure 3). 

It ^11 be evident to one of ordinary skill in the art that a mde variety of sequences 
which encode alphavirus non-structural proteins in addition to those discussed above may be 
utilized in the present invention, and are therefore deemed to fall within the scope of the 
phrase ••Alphavirus Non-Stnictural Proteins." For example, within one embodiment of the 
invention, due to the degeneracy of the genetic code, more than one codon may code for a 
given amino acid. Therefore, a wide variety of nucleic acid sequences which encode 
alphavirus non-structural proteins may be generated. Within other embodiments of the 
invention, a variety of other non-structural protein derivatives may be made, including for 
example, various substitutions, insertions, or deletions, the net result of which do not alter 
the biological activity of the alphavirus non-structural proteins. MTithin the context of the 
present invention, a]pha^arus non-structural proteins are deemed to be "biologically active" 
in toto if they promote the self-replication of the vector construct. Self-replication, wluch 
refers to replication of viral nucleic acids and not the production of infectious virus, may be 
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readily determined by RNase protection assays performed over a course of time. Methods 
for making such derivatives may be readily accomplished by one of ordinary skill in the art 
given the disclosure provided herein (see also, Moleadar Clonmg: A Laboratory Manual 
(2d. ed.X Cold Spring Harbor Laboratoiy Press). 

4. VIRAL JUNCTION RFfiinKf5S 

Within this aspect of the invention, the alphavirus vector constructs also include a 
viral junction region which has been inactivated, such that viral transcription of the 
subgenomic fragment is prevented. Briefly, the alphavinis viral junction region normally 
controls transcription initiation of the subgenomic fragment. In the case of the Sindbis vims, 
the normal viral junction region typically begins at approximately nucleotide number 7579 
and continues up through at least nucleotide number 7612 (and possibly beyond). At a 
minimum, nucleotides 7579 to 7602 (5*- ATC TCT ACG GTG GTC CTA AAT AGT • 
SEQ. ID NO. 2),are believed necessary for transcription of the subgenomic fragment. This 
region (nucleotides 7579 to 7602) is hereinafter referred to as the "minimal junction region 
core.** 

Within preferred embodiments of the invention (and as described in more detail 
below), the viral junction region is inactivated in order to prevent viral transcription of the 
subgenomic fragment. As utilized within the context of the present invention, "inactivated" 
means that the fragment corresponding to the initiation point of the subgenomic fragment, as 
measured by a RNase protection assay, is not detected. (Representative assays are described 
by Melton etal., Nuc. Acids Res, 12nQ3S-lQS(>, 1984; Calzon etal.. Methods in Enz. 
152'M 1-632, 1987; and Kekule et al.. Nature 575:457-461, 1990.) 

Within one embodiment of the invention, the viral junction region is inactivated by 
truncating the viral junction region at nucleotide 7597 {i.e., the viral junction region will then 
consist of the sequence as shown in Figure 3, from nucleotide 7579 to nucleotide 7597). 
TMs truncation prevents transcription of the subgenomic fragment, and additionally permits 
synthesis of the complete NSP4 r^on (which is encoded by nucleotides 5928 to 7579). 

As will be evident to one of ordinary skill in the art given the disclosure provided 
herein, a wide variety of other deletions, substitutions or insertions may also be made in 
order to inactivate the viral junction region. For example, within other embodiments of the 
invention the viral junction region may be further truncated into the region which encodes 
NSP4, thereby preventing viral transcription from the subgenomic fragment while retaining 
the biological activity of NSP4. Alternatively, within other embodiments, due to the 
redundancy of the genetic code, nucleotide substitutions may be made in the sequence 
encoding NSP4, the net effect of which does not alter the biological activity of NSP4 yet, 
nevertheless, prevents transcription of the subgenomic fragment. 
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5. A1.PHA VIRUS RNA POLYM ERASE RECOGNTnON SEQUENCE. ANDPOT Y-A TAn 

As noted above, alphavirus vector constructs of the present invention should also 
indude an alphavirus RNA polymerase recognition sequence (also termed "alphavirus 
replicase recognition sequence"). Briefly, the alphavirus RNA polymerase recognition 
S sequence provides a recognition site at which the virus begins replication by synthesis of the 
negative strand. A wide variety of sequences may be utilized as an alphavirus RNA 
polymerase recognition sequence. For example, within one embodiment, Sindbis vector 
constructs of the present invention include a Sindbis polymerase recognition sequence which 
is encoded by nucleotides 1 1,647 to 1 1,703 (see Figure 3). Within other embodiments, the 
10 Sindbis polymerase recognition is truncated to the smallest region which can still function as 
a recognition sequence (e.g.^ nucleotides 1 1,684 to 1 1,703 of Figure 3). 

Within preferred embodiments of the invention, the vector construct may additionally 
contain a poIy-A tail. Briefly, the poly-A tail may be of any size which is suflBcient to 
^ ^ promote stability in the cytoplasm, thereby increasing the efficiency of initiating the viral life 

IS cycle. Within various embodiments of the invention, the poly-A tail comprises at least 10 
adenosine nucleotides, and most preferably, at least 25 adenosine nucleotides. 

D. Other Alpha vreus Vectt )R Constructs 



20 In addition to the vector constructs which are generally described above, a wide 

variety of other alphavirus vector constructs may also be prepared utilizing the disclosure 
provided herein. 

1. Modified Virai. Junction Reoions 

25 As noted above, the present invention provides viral junction regions which have 

been modified from the wild-type sequence. Within the context of the present invention, 
modified viral junction regions should be understood to include junction regions which have 
wild-type activity, but a non-wild-type sequence, as well as junction regions with increased, 
decreased, or no activity. For example, within one aspect of the invention, alphavirus vector 

30 constructs are provided wherein the viral junction region has been modified, such that viral 
transcription of the subgenomic fragment is reduced. Briefly, infection of cells with wild- 
type alphavirus normally results in cell death as a result of abundant viral transcription of the 
subgenomic fragment initiated from the viral junction region. This large abundance of RNA 
molecules can overwhelm the transcriptional machinery of the infected cell, ultimately 

3S resulting in death of the cell. In applications where it is desired that infection of a target cell 
should result in a therapeutic effect {e.g., strand sdssion of a target nucleic acid or prolonged 
expression of a heterologous prolan) rather than cell death, several modifications to the 
alphavirus vector construct (in addition to inactivating the vector construct, as described 
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above) may be made in order to reduce the level of viral transcription of the subgenomic 
fragment, and thereby prolong the life of the vector infected target cell. Within the context 
of the present invention, viral transcription of the subgenomic fragment is considered to be 
"reduced** if it produces less subgenomic fragment than a standard wild-type alphavirus (e.g., 
5 Sindbis virus ATCC No. VR-1248) as determined by a RNase protection assay. 

Viral junction r^ions may be modified by a variety of methods in order to reduce the 
level of viral transcription of the subgenomic fragment. For example, within one 
embodiment of the invention, due to the redundancy of the genetic code nucleotide 
substitutions may be made in the viral junction region 7579 to 7597, the net effect of which 

10 does not alter the amino acid sequence NSP4 (or, within other embodiments, the biological 
activity of NSP4), and yet reduces the level of viral transcription of the subgenomic 
fragment. If the modified vector construct includes nucleotides beyond 7597 (e.g., to 7602 
or 7612), further nucleotide substitutions may likewise be made, although, since NSP4 
terminates at 7597, such substitutions need not be based upon genetic redundancy. 

15 Representative examples of modified viral junction regions are described in more detail 
below in Example 3. 

2. Tandem Viral Junction RRfiioNs 

Within other aspects of the invention, alphavirus vector constructs are provided, 
20 which comprise a 5* sequence which is capable of initiating transcription of an alphavirus, a 
nucleotide sequence encoding alphavirus non-structural proteins, a first viral junction region 
which has been inactivated such that viral transcription of the subgenomic firagment is 
prevented, a second viral junction region which has been modified such that viral 
transcription of the subgenomic fragment is reduced, and an alphavirus RNA polymerase 
25 recognition sequence. Such vector constructs are referred to as •'tandem" vector constructs 
because they comprise a first inactivated (or "disabled") viral junction region, as well as a 
second modified (or "synthetic") viral junction region. Within preferred embodiments of the 
invention, the inactivated junction region is followed directly by the second modified viral 
junction region. 

30 In applications where a low level of subgenomic transcription is required, a minimal 

junction region core may be inserted downstream in tandem to the inactivated junction 
region. In order to gradually increase the level of subgenomic transcription for the desired 
effea, sequences corresponding to the entire junction region may be added to the in-tandem 
junction re^on, in increments. 

35 

3. The ADENOv mi ;s E3 hrnp 

Within another aspect of the invention, an adenovirus E3 gene is inserted into a 
tandem vector construct following the second viral junction region, in order to down- 
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regulate HLA expression in alphavirus infected cells. Briefly, within various embodiments of 
the invention, repeated inoculations of a gene therapeutic into the same individual is 
desirable. However, repeated inoculations of alphaviruses such as the Sindbis virus may lead 
to the development of specific antibodies or cell-mediated immune response against Sindbis 
viral non-structural protein (NSP). Thus, it may be necessary to mitigate the host inumjne 
response targeted to vector specific proteins in order to administer repeated doses to the 
same individual. 

Therefore, within one embodiment of the invention, products of the Adenovirus type 
2 early region gene 3 are utilized in order to down-regulate the expression of integral 
histocompatibility antigens expressed on the surface of infected cells. Briefly, the E3 19,000 
dalton (E3/19K) protein binds to, and forms a molecular complex with, class I H-2/HLA 
antigens in the endoplasmic reticulum, preventing terminal glycosylation pathways necessary 
for the fijll maturation and subsequent transport of the class I H*2/HLA antigens to the cell 
membrane. In target cells infected with an alphavirus vector encoding the Ad 2 E3 protein, 
co-expression of the viral non-structural proteins in the context of class I antigens \^11 not 
occur. Thus, it is possible to administer repeated doses of an alphavirus vector which 
expresses the Ad 2 E3 protein as a component of its therapeutic palliative to the same 
individual. A representative example of the use of the Adenovirus E3 gene is set forth in 
more detail below in Example 4A. 

4. THRCMVH301 Grnk 

Other methods may also be utilized in order to mitigate a host's inunune response 
against viral NSPs. For example, within another aspect of the invention, the Human 
Cytomegalovirus ("HCMV") H301 gene is cloned into an alphavirus vector construct, 
preferably immediately following the second viral junction region in a tandem vector, in 
order to inhibit host CTL response directed against viral specific proteins expressed in vector 
infected cells. 

Briefly, 2-Microglobulin (2m) protein binds to the 1, 2 and 3 domains of the a-chain 
of the class I major histocompatibility molecules of higher eukaryotes. Prevmting the 
interaction between 2m and MHC class I products renders infected cells unrecognizable by 
cytotoxic T cells. Therefore, as described in greater detail below in Example 4B, expression 
of the HCMV H301 gene product as a component of a therapeutic palliative may be utilized 
in order to mitigate the host immune response to viral NSP. 

5. RETR( )VIRA!. PACKAC'tfNG SEQUENCE 

Within another aspect of the invention, a retroviral packaging sequence is inserted 
into a tandem vector and positioned between the first (inactivated) viral junction region and 
the second, modified viral junction region. Briefly, retroviral packa^ng sequences signal the 
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packaging of an RNA genome into a retroviral particle. As described in more detail below, a 
retroviral packaging sequence may be utilized in order to package an alphavirus vector into a 
retroviral particle using a retroviral packaging cell line. This is performed in order to 
increase the efficiency of alpha\drus vector transfer into an alphavirus packaging cell line. 

5 

6. PxPB^ssioN OF ^nfW^ mrp^OLOGoys oehBS 
The genomic length and subgenomic length of mRNAs transcribed in wild-type 
alphavirus infected cells are polycistronic, coding for, respectively, the viral four non- 
structural proteins (NSPs) and four structural proteins (SPs). The genomic and subgenomic 

10 mRNAs are translated as polyproteins, and processing into the individual non-structural and 
structural proteins is accomplished by post translational. proteolytic cleavage, catalyzed by 
viral encoded NSP- and SP- specific proteases. 

In certain applications of the alphavirus vectors described herein, the expression of 
more than one heterologous gene is desired. For example, in order to treat metabolic 

IS disorders such as Gaucher's syndrome, multiple admimstrations of alphavirus vectors or 
particles may be required, since duration of the therapeutic palliative may be limited. 
Ther^ore, with certain embodiments of the invention it may be desirable to co-express in a 
target cell the Ad 2 E3 gene {see Example 4), along with a therapeutic palliative, such as the 
glucocerd>roadase gene (see Example 17). In wild-type virus, however, the structural 

20 protdn polycistronic message is translated into a single polyprotein which is 

subsequently processed into individual proteins by cleavage with SP encoded proteases. 
Thus, expression of multiple heterologous genes from a polycistronic message requires a 
mechanism different from the wild-type virus, since the SP protease gene, or the peptides 
recognized for cleavage, are not present in the replacement region of the alphavirus vectors. 

25 Therefore, within one embodiment of the invention alphavirus vectors may be 

constructed by placing appropriate signals either ribosome readthrough or internal ribosome 
entry between cistrons. One such representative method of expressing multiple h^erologous 
genes is set forth below in Example S. 

In yet another embodiment of the invention, the placement of agnals promoting 

30 either ribosome readthrough or internal ribosome entry immediately downstream of the 
disabled junction region vector pKSSINB VdlJR is described (see Examples 3 and S). In this 
vector configuration, synthesis of subgenomic message cannot occur, however, the 
heterologous proteins are expressed firom genomic length mRNA by either ribosomal 
readthrough (scanning) or internal ribosome entry. Relative to wild-type, the low level of 

35 viral transcription with this alphavirus vector would prolong the life of the infected target 
cell. 

In still another embodiment of the invention, placement of signals promoting either 
ribosome readthrough or internal ribosome entry immediately downstream of the 
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pKSSINBVdURsjr or pKSSINBV vectors is described. Briefly, since synthesis of 
subgenomic mRNA occurs in cells infected with the pKSSINBVdlJRsjr and pKSSINBV 
vectors, placement of either a ribosome readthrough sequence or an internal ribosome entry 
sequence between the two heterologous genes permits translation of both proteins encoded 
S by the subgenomic mRNA polycistronic message. Further, additional heterologous genes 
can be placed in the subgenomic mRNA region, provided that a suitable translation initiation 
signal re«des at the S* end of the translational AUG start codon. The number of 
heterologous gene(s) which can be inserted into the subgenomic mRNA r^on, as described 
here, is limited only by the packaging constraints of the vector. 

10 Different sequences which allow either ribosome readthrough, cap-independent 

translation^, or internal ribosome entry may be placed into Sindbis vectors pKSSINBVdlJR, 
pKSSINBV, or pKSSINBVdIJRsjrc in the configurations as discussed above. The source of 
these translation control sequences are the picomaviruses polio and EMCV, the 5* noncoding 
region of the . human immunoglobulin heavy-chain binding protein, and a synthetic sequence .^^ 

IS of at least IS bps corresponding in part to the Kozak consensus sequence for efficient 
translational initiation. Although not described in detail here, these signals which affect 
translation iiutiation can also be placed downstream of the junction region and between 
heterologous genes in all of the modified junction region vectors described in Example 3. 

As noted above, the alphaviois cDNA vector construct also includes a 3' sequence 

20 which controls transcription termination. A representative example of such a sequence is set 
forth in more detail below in Examples 2 and 3. 

7. Tissue spkcific expression 
Within other aspects of the present invention, alphavirus vector constructs are 
25 provided which are capable of expressing a desired heterologous sequence only in a selected 
tissue. One such representative example is shown in Figure 20. Briefly, as shown in Figure 
20A, a recombinant alphavirus vector is constructed such that upon introduction of the 
vector (Figure 20A) into a target cell, internal inverted repeat sequences which flank the 
transcriptional control regions (e.g., modified junction r^ion) loop out (see Figure 20B), 
30 thereby preventing viral transcription of subgenomic sequences ("G.O.I.") 'from the synthetic 
junction region. 

On the other hand, activation of the vector can be attained if the inverted repeats are 
designed to also hybridize to a specific cellular RNA sequence which is characteristic of a 
selected tissue or cell type. Such cellular RNA disrupts the disabling stem loop structure, 
3S thereby allowing the formation of a more stable secondary stem loop structure (Figures 20C 
and 20D). This secondary stem loop structure allows transcription of the sub-genomic 
message by placing the junction region back into its correct positional configuration. 
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Full-length alphavirus vectors can also be transcribed using the secondary stem loop 
structure by taking advantage of the ability of the viral polymerase to switch templates 
during synthesis of the negative strand using a strand hopping mechanism termed copy 
choice (King. RNA genetics //. CRC Press, Inc., Boca Raton Ha., Domingo et al. (ed.), pp. 
150-185, 1988). Once a single successful round of transcription has occurred, the resulting 
RNA transcript does not contain inverted repeats because thqr are deleted as a result of the 
polymerase copy choice event. This newly synthesized RNA molecule now fiinctions as the 
primary RNA vector transcript which will transcribe and express as any other non-disabled 
genomic alphavirus vector previously described. In this RNA vector configuration, tissue or 
cell-specific activation of the disabled Sindbis vector can be achieved if specific RNA 
sequences, present only in the targeted cell or tissue types, are used in the design of the 
inverted repeats. In this fashion alphaviruses such as Sindbis can be engineered to be tissue- 
specific expression vectors using similar inverted sequences described above. 

Using this vector system to lachieve tissue specific expression enables a therapeutic 
alphavirus vector or particle to be delivered systemically into a patient. If the vector should 
infect a cell which does not express the appropriate RNA species, the vector will only be 
capable of expressing non-structural proteins and not the gene of interest. Eventually, the 
vector will be harmlessly d^raded. 

Use of the above-described vectors enables virtual tissue-specific expression possible 
for a variety of therapeutic applications, including for example, targeting vectors for the 
treatment for various types of cancers. This rationale relies on specific expression of tumor- 
specific markers such as the carcinoembryonic tumor specific antigen (CEA) and the alpha- 
fetoprotein tumor marker. Briefly, utilizing such tumor-specific RNA to target specific 
tumors allows for the tumor-specific expression of toxic molecules, lymphokines or pro- 
drugs discussed below. Such methods may be utilized for a wide variety of tumors, including 
for example, colorectal, lung, breast, ovary, bladder and prostate cancers because aU these 
timiors express the CEA. One representative illustration of vectors suitable for use within 
this aspect of the present invention is set forth in more detail below in Example 16. 

Briefly, CEA was one of the first tumor-specific maricers to be described, along with 
the alpha-fetoprotein tumor marker. CEA is a normal glycoprotein in the embryonic tissue 
of the gut. pancreas and liver during the first two trimesters of fetal development (Pathologic 
Basis of Disease, 3rd edition 1984, Robbins et al. (eds.)). Previously, CEA was believed to 
be specific for adenocarcinomas of the colon, however, with the subsequent development of 
more sensitive radioimmunoassays it became apparent that CEA was presented in the plasma 
with matiy endodermally derived cancers, particularly pancreatic, gastric and broncogenic. 

Within related aspects of the present invention, alphavirus cell-specific expression 
vectors may be constructed to express viral antigens, ribozyme, antisense sequences or 
immunostimulatory factors such as gamma-interferon (y-IFN), IL-2 or IL-5 for the targeted 
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treatment of virus infected cell types. In particular, in order to target alphaviius vectors to 
specific foreign organism or pathogen-infected cells, inverted repeats of the alphavirus vector 
may be selected to hybridize to any pathogen-specific RNA, for instance target cells infected 
by pathogens such as HIV, CMV, HB V, HPV and HSV. 

Within yet other aspects of the invention, specific organ tissues may be targeted for 
the treatment of tissue-specific metabolic diseases utilizing gene replacement therapies. For 
example, the liver is an important target tissue because it is responuble for many of the 
body's metabolic fiinctions and is associated ^th many metabolic genetic disorders. Such 
diseases include many of the glycogen storage diseases, phenylketonuria, Gaucher's disease 
and familial hypercholesterolemia. Presently there are many liver-specific enzymes and 
markers which have been sequenced which may be used to engineer appropriate inverted 
repeats for alphaviius vectors. Such liver-specific cDNAs include sequences encoding for S- 
adenosjrtmethione synthetase (Horikawa etal., Biochem. hit 25:81, 1991); lecithin: 
cholesterolacyl transferase (Rogne et al., Biochem. Biophys. Res. Comnwn. I48\\6h 1987); 
as well as other liver-specific cDNAs (Chin etal., Amh N.Y. Acad ScL 478:120, 1986). 
Such a liver-specific alphavirus vector could be used to deliver the low density lipoprotein 
receptor (Yamamoto ct al.. Cell 39:27, 1984) to liver cells for the treatment of fiunilial 
hypercholesterolemia (Wilson et al., Mol. Biol. Med. 7:223, 1990). 

E. HETEROLOCiOU.S SEOimNCES 

As noted above, a wide variety of nucleotide sequences may be carried by the 
alphavirus vector constructs of the present invention. Preferably, the nucleotide sequences 
should be of a size sufficient to allow production of viable vims. Within the context of the 
present invention, the production of any measurable titer, for example, by plaque assay, 
luciferase assay, or P-galactosidase assay, of infectious virus on appropriate susceptible 
monolayers, is considered to be "production of viable virus.- This may be, at a minimum, an 
alphaviius vector construct wUch does not contain any additional heterol(>gous sequence. 
However, within other embodiments, the vector construct may contain additional 
heterologous or foreign sequences. Within preferred embodiments, the heterologous 
sequence will comprise a heterologous sequence of at least about 100 bases, 2 kb, 3.5 kb, 5 
kb, 7 kb, or even a heterologous sequence of at least about 8 kb. 

As will be evident to one of ordinary skill in the art given the disclosure provided 
herdn, the efficiency of packaging and hence, viral titer, is to some degree dependent upon 
the size of the sequence to be packaged. Thus, in order to increase the efficiency of 
packa^ng and the production of viable virus, additional non-coding sequences may be added 
to the vector construct. Moreover, within certain embodiments of the invention it may be 
desired to increase or decrease viral titer. This increase or decrease may be accomplished by 
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increasing or decreasing the size of the heterologous sequence, and hence the efficiency of 
packaging. 

A wide variety of heterologous sequences may be included in the vector constnict, 
including for example sequences which encode palliatives such as lymphokines, toxins, 
prodrugs, antigens which stimulate an immune response, ribozymes, and proteins which 
assist or inhibit an immune response, as well as antisense sequences (or sense sequences for 
"antisense applications"). As noted above, within various embodiments of the invention the 
alphavirus vector constructs provided herein may contain (and express, within certain 
embodiments) two or more heterologous 'sequences. 

1. LYMPHOKtNRS 

Within one embodiment of the invention, the heterologous sequence encodes a 
lymphokine. Briefly. lymphokines act to proliferate, activate, or differentiate immune 
effeaors cells. Representative examples ^oC* lymphokines include gamma interferon, tumor 
necrosis factor, IL-1, IL-2, IL-3. lL-4, E-5. IL-6, IL-?, IL-8, IL-9. IL-IO. IL-11, JL-U, 
IH3. IL-M, IL-IS. GM-CSF, CSF-I and G-CSF. 

Within related embodiments of the invention, the heterologous sequence encodes an 
immunomodulatory cofactor. Briefly, as utilized within the context of the present invention, 
"immunomodulatory cofactor" refers to factors which, when manufactured by one or more 
of the cells involved in an immune response, or when added exogenously to the cells, causes 
the immune response to be different in quality or potency from that which would have 
occurred in the absence of the cofactor. The quality or potency of a response may be 
measured by a variety of assays known to one of skill in the art including, for example. 
in vitro assays which measure cellular proUferation (e.g., thymidine uptake), and in vitro 
cytotoxic assays (e.g„ which measure ^'Cr release) (see Warner etal., AIDS Res. and 
Human Retrovinises7:MS-6SS, 1991). 

Representative examples of immunomodulatory co-fectors include alpha interferon 
(Finter etal., Dngs s^2(5):749.765. 1991; U.S. Patent No. 4,892.743; U.S. Patent No. 
4,966.843; WO 85/02862; Nagata etal.. Nature 284:316-320, 1980; FamiUetti etal.. 
Methods inEnz. 7«:387-394, 1981; Twu etal., Proc. Natl. Acad. Sci. USA «tf:2046.2050.' 
1989; Faktor et al.. Oncogene 5:867-872, 1990). beta interferon (Seif et al.. J. Virol. 65:664- 
671, 1991), gamma interferons (Radford et al., American Society ofHepatology:200S-2QlS, 
1991; Watanabe etal.. PNAS *d:9456.9460. 1989; Gansbacher etal.. Cancer Research 
50:7820-7825. 1990; Maio etal.. Can. Immmtol. Immmother. 50:34-42. 1989; U.S. Patent 
Nos. 4,762.791 and 4.727,138), G-CSF (U.S. Patent Nos. 4.999.291 and 4,810,643), GM- 
CSF (WO 85/04188), TNFs (Jayaraman etal.. J. Immmmlogy I44:9A,2-9S\, 1990). 
InterieuWn- 2 (IL.2) (Karupiah et al., J. Immtmology 7^^:290-298. 1990; Weber et al., J. 
Exp. Med J66:n]6.l733, 1987; Gansbacher et al., J. Exp. Med 772:1217-1224, 1990; 
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U.S. Patent No. 4.738,927X IL.4 (Tepper et al.. Ceif 57:503-512, 1989; Golumbek et al.. 
Science 2i-/:713-716, 1991; U.S. Patent No. 5,017,691), IL.6 (Brakenhof et al., J. Immunol 
J39:Al 16-4121, 1987; WO 90/06370), IL-12, IL-15 (Grabstein et al.. Science 2dV:965-968, 
1994; Genbank-EMBL Accession No. V03099), ICAM-1 (Altman et al.. Nature 338:512- 
514, 1989), ICAM-2, LFA-1, LFAO, MHC class I molecules, MHC class U molecules, 
P2-nucroglobulin, chaperones, CD3, B7/BB1, MHC linked transporter proteins or analogues 
thereof. 

The choice of which immunomodulatory cofactor to include v^thin a alphavirus 
vector construct may be based upon known therapeutic effects of the cofactor, or 
experimentally determined. For example, in chronic hepatitis B infections alpha interferon 
has been found to be efficacious in compensating a patient's immunological deficit and 
thereby assisting recovery fi-om the disease. Alternatively, a suitable immunomodulatory 
cofactor may be experimentally determined. Briefly, blood samples are first taken fi-om 
patients with a hepatic disease. Peripheral blood lymphocytes (PBLs).vafi-e restimulated 
in vitro with autologous or HLA-matched cells (if.^., EBV transformed cells), and 
transduced with an alphavirus vector construct which directs the expression of an 
immunogenic portion of a hepatitis antigen and the immunomodulatory cofactor. Stimulated 
PBLs are used as effectors in a CTL assay with the HLA-matched transduced cells as 
targets. An increase in CTL response over that seen in the same assay performed using 
HLA-matched stimulator and target cells transduced with a vector encoding the antigen 
alone, indicates a usefiil immunomodulatory cofactor. Within one embodiment of the 
invention, the immunomodulatory cofactor gamma interferon is particularly preferred. 

Another example of an immunomodulatory cofactor is the B7/BB1 costimulatory 
fector. Briefly, activation of the fiill fimctional activity of T cells requires two signals. One 
signal is provided by interaction of the antigen-specific Tcell receptor with peptides which 
are bound to major histocompatibility complex (NfHC) molecules, and the second signal, 
referred to as costimulation, is delivered to the T cell by antigen-presenting cells. Briefly, the 
second signal is required for interieukin-2 (IL-2) production by T cells and appears to 
involve interaction of the B7/BBI molecule on antigen-presenting cells with CD28 and 
CTLA-4 receptors on T lymphocytes (Linsley et al., ./ Exp. Med, /7i:721.730. 1991a, and 
J. Exp. Med, y7-/:56 1-570, 1991). Within one embodiment of the invention, B7yBBl may 
be introduced into tumor cells in order to cause costimulation of CD8+ T cells, such that the 
CD8+ T cells produce enough IL-2 to expand and become fiilly activated. These CD8+ 
T cells can kill tumor cells that are not expressing B7 because costimulation is no longer 
required for further CTL fiinction. Vectors that express both the costimulatory B7/BB1 
factor and, for example, an immunogenic HBV core protein, may be made utiliang methods 
which are described herein. Cells transduced with these vectors will become more effective 
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antigen-presenting cells. The HBV core-specific CTL response will be augmented from the 
folly activated CD8+ T cell via the costimulatoiy ligand B7/BB I . 

2. Toxins 

Within another embodiment of the invention, the heterologous sequence encodes a 
toxin. Briefly, toxins act to directly Inhibit the growth of a cell. Representative examples of 
toxins include ricin (Lamb et al.. Eur. J. Biochem. /■/*:265-270, 1985), abrin (Wood et al., 
Eur. J. Biochem. 198:723-732, 1991; Evensen etal., J. of Biol. Chem. 255:6848-6852. 
1991; Collins etal., J. of Biol. Chem. 265:8665-8669, 1990; Chen etal.. Fed of Eur. 
Biochem Soc. iOP: 115-118, 1992). diphtheria toxin (Tweten etal., J. Biol. Chem. 
250:10392-10394. 1985). cholera toxin (Mekalanos et al.. Nature J05:551-557, 1983; 
Sanchez and Holmgren, PNAS «5:48 1-485, 1989), gelonin (Stirpe etal., J. BioL Chem. 
255:6947-6953, 1980), pokeweed (Irvin, Pharmac. Ther. 27:371-387, 1983), antiviral 
protein (Barbieri et al., Biochem. J. 203:55-59, 1982; Irvin et al.. Arch. Biochem. & Biophys. 
200:418-425. 1980; Irvin, Arch. Biochem. & Biophys. 759:522-528, 1975), tritin, ShigeUa 
toxin (Calderwood et al.. PNAS «7:4364-4368, 1987; Jackson et al., Mit^h. Path 2:147- 
153. 1987). Pseudomonas exotoxin A (Carroll and Collier, J. BioL Chem. 252:8707-8711, 
1987). herpes simplex virus thymidine kinase (HSVTK) (Field et al.. J. Gen. l^roL 49.1\S- 
124, 1980), and E. coli. guanine phosphoribosyl transferase. 

3. PRO-DRUCt.S 

Within other embodiments of the invention, the heterologous sequence encodes a 
"pro-drugs". Briefly, as utilized within the context of the present invention, "pro-drugs" 
refers to a g«ie product that activates a compound with little or no cytotoxicity into a toxic 
product. Representative examples of such gene products include HSVTK and VZVTK (as 
well as analogues and derivatives thereoQ. which selectively monophosphoiylate certain 
purine arabinosides and substituted pyrimidine compounds, converting than to ototoxic or 
cytostatic metabolites. More specifically, exposure of the drugs ganciclovir, acydovir, or 
any of their analogues (<?.^r., FIAU, HAC, DHPG) to HSVTK phosphorylates the drag into 
its corresponding active nucleotide triphosphate form. 

Representative examples of other pro-drugs which may be utilized within the context 
of the present invention include: E coli guanine phosphoribosyl transferase which converts 
thioxanthine into toxic thioxanthine monophosphate (Besnard et al., ^foL Cell BioL 7:4139- 
4141, 1987); alkaline phosphatase, which will convert inactive phosphorylated compounds 
such as mitomycin phosphate and doxorubicin-phosphate to toxic dephosphorylated 
compounds; fungal (e.g., FtKxmum oxysponim) or bactierial cytosine deaminase, which will 
convert 5-fluorocytosine to the toxic compound S-fluorouracil (Mullen, PNAS 89:33, 1992); 
carboxypeptidase G2. which will deave the glutamic acid fit)m para-N-bis (2-chloroethyl) 
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aminobenzoyl glutamic acid« thereby creating a toxic benzoic acid mustard; and Peniciilin-V 
amidase, which will convert phenoxyacetabide derivatives of doxorubicin and melphalan to 
toxic compounds {see generally, Vrudhula et al., J. of Med Chem. id(7):9 19-923, 1993; 
Kern et al.. Cane. Immtm. Immtmoiher. 5/(4):202-206, 1990). 

5 

4. ANTfSENSE Sequences 

Vnthin another embodiment of the invention, the heterologous sequence is an 
antisense sequence. Briefly, antisense sequences are designed to bind to RNA transcripts, 
and thereby 'prevent cellular synthesis of a particular protein or prevent use of that RNX' 

10 sequence by the cell. Representative examples of such sequences include antisense 
thymidine kinase, antisense dihydrofolate reductase (Maher and Dolnick, Arch. Biochem. & 
Biophys. 2iJ:214-220, 1987; Bzik etal., PNAS «-/:8360.8364. 1987), antisense HER2 
(Coussens et al.. Science 230:1 132-1 139, 1985), antisense ABL (Fainstein et al.. Oncogene 
^: 1477-1481, ■1989), antisense Myc (Stanton etal.. Nature 370:423-425, 1984) and v ; 

15 antisense rosr, as well as antisense sequences which block any of the en^mes in the 
nucleotide biosynthetic pathway. In addition, within other embodiments of the invention 
antisense sequences to interferon and 2 microglobulin may be utilized in order to decrease 
immune response. 

In addition, within a further embodiment of the invention, antisense RNA may be 
20 utilized as an anti-tumor agent in order to induce a potent Class I restricted response. 
Briefly, in addition to binding RNA and thereby preventing translation of a specific mRNA, 
high levels of specific antisense sequences are believed to induce the increased expression of 
interferons (including gamma-interferon) due to the formation of large quantities of double- 
stranded RNA. The increased expression of gamma interferon, in turn, boosts the expression 
25 of MHC Class 1 antigens. Preferred antisense sequences for use in this regard include actin 
RNA, myosin RNA, and histone RNA. Antisense RNA which forms a nusmatch with actin 
RNA is particulariy preferred. 

5. 1VP(;)?SYMPS 

30 Within other aspects of the present invention, alphavirus vectors are provided which 

produce ribozymes upon infection of a host cell. Briefly, ribozymes are used to cleave 
specific RNAs and are designed such that it can only affect one specific RNA sequence. 
Generally, the substrate binding sequence of a ribozyme is between 10 and 20 nucleotides 
long. The length of this sequence is sufficient to allow a hybridization with target RNA and 

35 disassociation of the ribozyme from the cleaved RNA. Representative examples for creating 
ribozymes include those described in U.S. Patent Nos. 5,1 16,742; 5,225,337 and 5,246,921. 
Particularly preferred ribozymes for use within the present invention include those disclosed 
in more detail below in the Examples {e.g.^ Examples 18 and 19). 
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6. Proteins a nd other cellular coNSTniJENTs 
Within other aspects of the present invention, a wide variety of proteins or other 
cellular constituents may be carried by the alphavims vector construct. Representative 
examples of such proteins include native or altered celluhr components, as well as foreign 
proteins or cellular constituents, found in for example, viruses, bacteria, parasites or fungus. 
(a) Aliened Cellular Compmenis 

Within one embodiment, alphavirus vector constnicts are provided wMch direct the 
expression of an immunogenic, non-tumorigenic, altered cellular component. As utilized 
herein, the term "immunogenic" refers to ahered cellular components which are capable, 
under the appropriate conditions, of causing an immune response. This response must be 
cell-mediated, and may also include a humoral response. The term "non-tumorigenic" refers 
to altered cellular components which will not cause cellular transformation or induce tumor 
formation in nude mice. The phrase "altered cellular component" refers to proteins and other 
cellular constituents which are either associated with rendering a cell tumorigenic, or are 
associated with tumorigenic cells in general, but are not required or essential for rendering 
the cell tumorigenic. 

Before alteration, the cellular components may be essential to normal cell growth and 
regulation and include, for example, proteins which regulate intracellular protein 
degradation, transcriptional regulation, cell-cycle control, and cell-cell interaction. After 
alteration, the cellular components no longer perform their regulatory functions and, hence, 
the cell may experience uncontrolled growth. Representative examples of altered cellular 
components include ras*, p53*, Rb*, altered protein encoded by the Wilms* tumor gene, 
ubiquitin*, mucin*, protein encoded by the DCC, APC, and MCC genes, the breast cancer 
gene BRCAl', as well as receptors or receptor-like stnictures such as neu, thyroid hormone 
receptor, platelet derived growth factor (PDGF) receptor, insulin receptor, epidermal growth 
fector (EGF) receptor, and the colony stimulating factor (CSF) receptor. 

Within one embodiment of the present invention, alphavirus vector constructs are 
provided which direct the expression of a non-tumorigenic, altered ras (ras*) gene. Briefly, 
the ras* gene is an attractive target because it is causally linked to the neoplastic phenotype, 
and indeed may be necessary for the induction and maintenance of tumorigenesis in a wide 
variety of distinct cancers, such as pancreatic carcinoma, colon carcinoma and lung 
adenocardnoma. In addition, ras* genes are found in pre-neoplastic tumors and, therefore, 
immune intervention therapy may be applied prior to detection of a malignant tumor. 

Normal ras genes are non-tumorigenic and ubiquitous in all mammals. They are 
highly conserved in evolution and appear to play an important role in maintenance of the cell 
cycle and normal growth properties. The normal ras protein is a G-protein which binds GTP 
and has GTPase activity, and is involved in transmitting signals fh>m the external milieu to 
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the inside of the cell, thereby allowing a cell to respond to its environment. Ras* genes on 
the other hand alter the normal growth regulation of neoplastic cells by uncoupling cellular 
behavior firom the environment, thus leading to the uncontrolled proliferation of neoplastic 
cells. Mutation of the ras gene is believed to be an early event in carcinogenesis (Kumar 
et al.. Science 248\ 1 101-1 104« 1990) which, if treated early, may prevent tumoiigenesis. 

Ras! genes occur in a vAd^ variety of cancers, including for example, pancreatic, 
colon, and lung adenocarcinomas. 

The spectrum of mutations occurring in the ras* genes found in a variety of cancers is 
quite limited. These mutations alter the GTPase activity of the ras protein by converting the 
normal on/off switch to a constitutive ON position. Tumorigenic mutations in ras* occur 
primarily (//; v/vo) in only 3 codons: 12, 13 and 61. Codon 12 mutations are the most 
prevalent in both human and animal tumors. 

Table 1 below summarizes known hi vivo mutations (codons 12, 13 and 61) which 
activate human ras, as well as potential mutations which have in vitro transforming activity. 
Potential mutations with inviiro transforming activity were produced by the systematic 
substitution, of amino acids for the normal codon {e,g,, other amino acids were substituted 
for the normal glycine at position 12). In vitro mutations, while not presently known to 
occur in humans or animals, may serve as the basis for an anti-cancer immunotherapeutic if 
they are eventually found to arise /// v/w>. 

Table I 

AMn^( ) Acid Si.m.sTiTi.moNs that Activate Hitman /ma* Proteins 

Amino Gly Cly Ala Gin Glu Asn Lvs Asp 
Acid 

Mutant 12 ]3 59 61 63 116 117 119 
Codon 



In vivo Val Asp Arg 

Arg Val His 
Asp Arg Leu 
Cys 
Ala 
Ser 
Phc 
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Invliro Ala Scr Tlir Val Lys His Glu His 

Ue Arg Glu 
Ala 
Asa 



Ala 


Scr Tlir Val 


Asn 


Ala 


Gin 


Cys 


Glu 


Asn 


His 


He 


He 


Mel 


Leu 


Thr 


L>'s 


Tyr 


Met 


Tip 


Phe 


Phe 


Scr 


Gly 


Tlir 




Trp 




Tyr 





Aherations as described above result in the production of proteins containing novel 
coding sequence(s). The novd proteins encoded by these sequence(s) may be used as a 
marker of tumorigenic cells, and an immune response directed agunst these novel coding 
5 regions may be utilized to destroy tumorigenic celk contaim'ng the altered sequences (ras*). 

Within another embodiment of the present invention, alphavinis vector constracts are 
provided which direct the expression of an altered p53 (p53') gene. Briefly. p53 is a nuclear 
phosphoprotein which was originally discovered in extracts of transfonned cells and thus was 
initially classified as an oncogene (Linzer and Levine. Cell 77:43-52, 1979; Lane and 

10 Crawford, Nature 278:26]-263, 1979). It was later discovered that the original p53 cDNA 
clones were mutant forms of p53 (Hinds et al., J. Virol. <Ji:739-746, 1989). It now appears 
that p53 is a tumor suppressor gene which negatively regulates the cell cycle, and that 
mutation of this gene may lead to tumor formation. Of colon carcinomas that have been 
studied. 75%-80% show a loss of both p53 alleles, one through deletion and the other 

1 5 through point mutation. Similar mutations are found in lung cancer, and in brain and breast 
tumors. 

The majority of p53 mutations (eg.. p53»l. p53*2 etc.) are clustered between amino 
add residues 130 to 290 (see Uvine etal.. Namre 357:453-456. 1991; see also the 
following references which describe specific mutations in more detail: Baker et al.. Science 
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2-/-/:217-22K 1989; Nigro et al.. Nature 342:1QS-1Q%, 1989 (p53 mutations duster at four 
"hot spots'* which coincide with the four highly conserved regions of the genes and these 
mutations are observed in human brain, breast, lung and colon tumors); Vogelstein, Nature 
5^i?:681-682, 1990; Takahaslu eta!.. Science 2^6:491-494, 1989; Iggo etal., Larwet 
5 535:675-679, 1990; James et al., Proc. Nail. Acad ScL USA 56:2858-2862, 1989; Mackay 
etal.. Lancet 77:1384-1385,1988; Kelman et al.. Blood 7-/:23 18-2324, 1989; Nfalkin etal.. 
Science 250:1233-1238, 1990; Baker et al.. Cancer Res. 50:7717-7722, 1991; Chiba et al.. 
Oncogene 5:1603-1610, 1990 (pathogenesis of early stage non-small cell lung cancer is 
associated with somatic mutations in the pS3 gene between codons 132 to 283); Prosser 

10 et al.. Oncogene 5: 1573-1579, 1990 (mutations in the p53 gene coding for amino acids 126 
through 224 were identified in primary breast cancer); Cheng and Hass, MoL Cell Biol 
70:5502-5509, 1990; Bartek et al.. Oncogene 5:893-899, 1990; Rodrigues et al., Proc. Natl 
Acad. Scl USA «7:7555-7559, 1990; Menon etal., Proc. Natl Acad. ScL USA 87:5425- 
5439, 1990; Mulligan et al., Proc. Natl Acad. Scl USA 57:5863-5867, 1990; and Romai^ 

15 et al., Oficogene •/: 1483-1488, 1990 (identification of a p53 mutation at codon 156 in human 
osteosarcoma derived cell line HOS-SL)). 

Certain alterations of the p53 gene may be due to certain specific toxins. For 
example, Bressac et al {Nature 550:429-431, 1991) describes specific G to T mutations in 
codon 249 in patients affected with hepatocellular carcinoma. One suggested causative 

20 agent of this mutation is aflatoxin B|, a liver carcinogen which is known to be a food 
contaminant in Africa. 

Four regions of the gene that are particularly affected occur at residues 132-145, 
171-179, 239-248, and 272-286. Three "hot spots** which are found within these regions 
that are of particular interest occur at residues 175, 248 and 273 (Levine etal.. Nature 

25 557:453-456, 1991 ). These alterations, as well as others which are described above, result in 
the production of protein(s) which contain novel coding sequence(s). The novel proteins 
encoded by these sequences may be used as a marker of tumorigenic cells and an immune 
response directed against these novel coding regions may be utilized to destroy tumorigenic 
cells containing the altered sequence (p53*). 

30 Once a sequence encoding the altered cellular component has been obtained, it is 

necessary to ensure that the sequence encodes a non-tumorigenic protein. Various assays 
are known and may easily be accomplished which assess the tumorigenicity of a particular 
cellular component. Representative assays include a rat fibroblast assay, tumor formation in 
nude mice or rats, colony formation in soft agar, and preparation of transgenic animals, such 

35 as transgenic mice. 

Tumor formation in nude mice or rats is a particularly important and sensitive method 
for determining the tumorigenicity of a particular cellular component. Nude mice lack a 
fimctional cellular immune system {i.e., do not possess CTLs), and therefore pro^de a usefid 
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in vivo model in which to test the tumorigenic potential of cells. Normal non-tumorigenic 
cells do not display uncontrolled growth properties if infected into nude mice. However, 
transformed cells will rapidly proliferate and generate tumors in nude mice. Briefly, in one 
embodiment the alphavirus vector construct is administered to ^gendc murine cells, 
followed by injection into nude nruce. The mice are visually examined for a period of 2 to 8 
weeks after injection in order to determine tumor growth. The mice nwiy also be sacrificed 
and autopsied in order to determine whether tumors are present. (Giovandla et al., J. Natl. 
Cancer InsL ^«:153M533, 1972; Furesz et al.. Abnormal Cells. New Products and Risk, 
Hopps and Petricciani (eds.). Tissue Culture Association, 1985; and Levenbook etal., 
J. BioL Sid yj; 135-141, 1985.) 

Tumorigenicity may also be assessed by visualizing colony formation in soft agar 
(Macpherson and Montagnier, K/r. 25:291-294, 1964). Briefly, one property of noimal non- 
tumorigenic cells is "contact inhibition" (i.e., cells will stop proliferating when they touch 
neighboring cells). If cells are plated in a seml-sdHa agar support medium, normal ceUs 
rapidly become contact inhibited and stop proliferating, whereas tumorigenic cells will 
cominue to proliferate and form colonies in soft agar. 

Transgenic animals, such as transgenic mice, may also be utilized to assess the 
tumorigenicity of an altered cellular component. (Stewart et al.. Cell 3*:627-637, 1984; 
Quaife etal.. Ce/f V*: 1023- 1034, 1987; and Koike etal., Proc Natl. Acad Sci. USA 
«6:5615-5619. 1989.) In transgenic animals, the gene of interest may be expressed in all 
tissues of the animal. This dysregulated expression of the transgene may serve as a model 
for the tumorigenic potential of the newly introduced gene. 

If the altered csdluiar component is associated with making the cell tumorigenic. then 
it is necessaiy to nuke the altered cellular component non-tumorigenic. For example, within 
one embodiment the sequence or gene of interest which encodes the altered cellular 
component is truncated in order to render the gene product non-tumorigenic. The gene 
encoding the altered cellular component may be tnincated to a variety of sizes, although It is 
preferable to retain as much as possible of the altered cellular component. In addition, it is 
necessaiy that any truncation leave intact at least some of the immunogenic sequences of the 
altered cellular component. Alternatively, multiple translational termination codons may be 
introduced downstream of the immunogenic region. Insertion of termination codons will 
prematurely terminate protein expression, thus preventing expression of the transforming 
portion of the protein. 

>^hin one embodiment, the ras* gene is truncated in order to render the ras* protein 
non-tumorigenic. Briefly, the carboxy-terminal amino acids of ras* fiinctionally allow the 
protein to attach to the ceU membrane. Truncation of these sequences renders the ahered 
cellular component non-tumorigenic. Preferably, the ras* gene is truncated in the purine ring 
binding site, for example around the sequence which encodes amino acid number 1 10. The 
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ras* gene sequence may be truncated such that as little as about 20 amino adds (including 
the altered amino acid(s)) are encoded by the alphavirus vector construct, although 
preferably, as many amino acids as possible should be expressed (while maintaining non- 
tumorigenicity). 

MTithin another embodiment, the pS3* protein is modified by truncation in order to 
render the cellular component non-tumorigenic. As noted above, not all mutations of the 
pS3 protein are tumorigenic, and therefore, not all mutations would have to be truncated. 
Nevertheless, within a preferred embodiment, pS3^ is truncated to a sequence which encodes 
aniino acids 100 to 300, thereby including all four major "hot spots." 

Other altered cellular components which are oncogenic may also be truncated in 
order to render them non-tumorigenic. For example, both neu and bcr/abl may be truncated 
in order to render them non-tumorigenic. Non-tumorigenicity may be confirmed by assaying 
the truncated altered cellular component as described above. 

It should be noted, however, that if the altered cellular component is only associated 
with non-tumorigenic cells in general, and is not required or essential for malcing the cell 
tumorigenic, then it is not necessary to render the cellular component non-tumorigenic. 
Representative examples of such altered cellular components which are not tumorigenic 
include Rb*, ubiquitin*, and mucin*. 

As noted above, in order to generate an appropriate immune response, the altered 
cellular component must also be immunogenic. Immunogenicity of a particular sequence is 
often difficult to predict, although T cell epitopes often possess an immunogenic amphipathic 
alpha-helix component. In general, however, it is preferable to determine immunogenicity in 
an assay. Representative assays include an ELISA, which detects the presence of antibodies 
against the newly introduced vector, as well as assays which test for T helper cells such as 
gamma-interferon assays, IL-2 production assays, and proliferation assays. 

As noted above, within another aspect of the present invention, several different 
altered cellular components may be co-expressed in order to form a general anti-cancer 
therapeutic. Generally, it will be evident to one of ordinary skill in the art that a variety of 
combinations can be made. Within preferred embodiments, this therapeutic may be targeted 
to a particular type of cancer. For example, neariy all colon cancers possess mutations in ras, 
p53, DCC APC or MCC genes. An alphavirus vector construct which co-expresses a 
number of these altered cellular components may be administered to a patient with colon 
cancer in order to treat all possible mutations. This methodology may also be utilized to 
treat other cancers. Thus, an alphavirus vector construct which co-expresses mucin*, ras*, 
neu, BRCAl* and pS3* may be utilized to treat breast cancer. 

(b) Anfigenxfmmfi^reif^i organisms or other pathogens 

Within other aspects of the present invention, alphavirus vector constructs are 
provided which direct the expression of immunogenic portions of antigens fi^om foragn 
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organisms or other pathogens. Representative examples of such antigens include bacterial 
antigens (e.g., K coli, streptococcal, staphylococcal, mycobacterial, etc.), fungal antigens, 
paraatic antigens, and viral antigens {e.g.^ influenza vims. Human Immmunodeficiency Virus 
("HIV"), Hepatitis A, B and C Virus ("HAV", "HBV and "HCV", respectively). Human 
Papiloma Virus ("HPV"), Epstcin-Barr Virus ("EBV"), Herpes Simplex Vims ("HSV"), 
HanUvirus. TTLV I, HTLV II and Cytom^ovinis ("CMV"). As utilized within the 
context of the present invention, "immunogenic portion" refers to a portion of the respective 
antigen which is capable, under the appropriate conditions, of causing an immune response 
{i.e., cell-mediated or humoral). "Portions" may be of variable size, but are preferably at 
least 9 amino acids long, and may include the entire antigen. Cell-mediated immune 
responses may be mediated through Major Histocompatability Complex ("MHC") class I 
presentation, MHC Class II presentation, or both. 

Within one aspect of the invention, alphavirus vector constructs are provided which 
direa the expression of immunogenic portions of Hepatitis B antigens. Briefly, the Hepatitis 
B genome is comprised of circular DNA of about 3.2 kilobases in length and has been well 
characterized (Tiollais et al.. Science 2/3:406-41 1, 1981; Tiollais et al.. Nature J/7:489-495, 
1985; and Ganem and Varmus, Ami. Rev. Biochem. Jd:651-693, 1987; see also 
EP 0 278,940, EP 0 241,021, WO 88/10301, and U.S. Patent Nos. 4,696.898 and 
5,024,938, which are hereby incorporated by reference). The Hepatitis B virus presents 
several different antigens, including among others, three HB "S" antigens (HBsAgs), an HBc 
antigen (HBcAg), an HBe antigen (HBeAg), and an HBx antigen (HBxAg) {see Blum et al., 
77G 5(5): 154-158, 1989). Briefly, the HBeAg results from proteolytic cleavage of P22 pre- 
core intermediate and is secreted from the cell. HBeAg is found in serum as a 17 kD protein. 
The HBcAg is a protein of 183 amino adds, and the HBxAg is a protein of 145 to 154 amino 
acids, depending on subtype. 

The HBsAgs (designated "large," "middle" and "small") are encoded by tfiree regions 
oftiie Hepatitis B genome: S, pre-S2 and pre-Sl. The large protein, which has a length 
vaiying from 389 to 400 amino acids, is encoded by pre-Sl, pre-S2, and S re^ons, and is 
found in glycosylated and non-glycosylated forms. The middle protein is 281 amino acids 
long and is encoded by the pre-S2 and S regions. The small protein is 226 amino acids long 
and is encoded by the S region. It exists in two forms, glycosylated (GP IT) and non- 
glycosylated (P24S). If each of these re^ons are expressed separately, the pre-Sl region will 
code for a protein of approximately 119 amino acids, the pre*S2 region will code for a 
protein of approximately 55 amino acids, and the S region will code for a protein of 
approxinuttely 226 amino acids. 

As will be evident to one of ordinary skill in the art, various immunogenic portions of 
the above-described S antigens may be combined in order to induce an immune response 
when administered by one of the alphavirus vector constructs described herdn. In addition. 
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due to the large immunological variability that is found in different geographic regions for the 
S open reading frame of HBV, particular combinations of antigens may be preferred for 
administration in particular geographic regions. Briefly, epitopes that are found in all human 
hepatitis B virus S samples are defined as determinant "a". Mutually exclusive subtype 
5 determinants* however, have also been identified by two-dimensional double 
immunodifiusion (Ouchterlony, Frof^. Alhrgy 5:1, 1958). These determinants have been 
designated V or V and V or V (LeBouvier, J. Infect. 123:671, 1971; Bancroft et al., J, 
Immunol. /0P:842, 1972; and Courouce etal., Bibl. Haematol 42:\ASi, 1976). The 
inrrniunological variability is due to single nucleotide substitutions in two areas of the 

10 hepatitis B virus S open reading frame, resulting in the following amino acid changes: (1) 
exchange of lysine- 122 to ar^nine in the Hepatitis B virus S open reading frame causes a 
subtype shift from d to and (2) exchange of arginine-160 to lysine causes the shift firom 
subtype r to w. In Afncans, subtype ayw is predominant, whereas in the U.S. and northern 
Eurqp^ the subtype adw2 is more abundant (Moleatlar Biology of the Hepatitis Bi ^irus, 

IS McLachlan (ed.X CRC Press, 1991). As will be evddent to one of ordinary skill in the art, it 
is generally preferred to construct a vector for administration which is appropriate to the 
particular hepatitis B virus subtype which is prevalent in the geographical region of 
- administration. Subtypes of a particular r^ion may be determined by two-dimensional 
double immunodiffusion or, preferably, by sequencing the S open reading frame of HBV 

20 virus isolated from individuals within that region. 

Also presented by HBV are pol (''HBV por'\ ORF 5, and ORF 6 antigens. Briefly, 
the polymerase open reading frame of HBV encodes reverse transcriptase activity found in 
virions and core-like particles in infected livers. The polymerase protein consists of at least 
two domains: the amino terminal domain which encodes the protdn that primes reverse 

25 transcription, and the carboxyl terminal domain which oicodes reverse transoiptase and 
RNase H activity. Immunogenic portions of HBV pol may be determined utilizing methods 
described herein {e.g., below and in Examples 12Aii and 13), utiliang alphavirus vector 
constructs described below, and administered in order to generate an immune response 
within a warm-blooded animal. Similarly, other HBV antigens, such as ORF S and ORF 6 

30 (Miller et al., He/Kitology 9:322-327, 1989) may be expressed utilizing alphavirus vector 
constructs as described herein. Representative examples of alphavinis vector constructs 
utilizing ORF 5 and ORF 6 are set forth below in the examples. 

As noted above, at least one immunogenic portion of a hepatitis B antigen is 
incorporated into an alphavirus vector construct. The immunogenic portion(s) which are 

35 incorporated into the alphavirus vector construct may be of varying length, although it is 
generally preferred that the portions be at least 9 amino acids long and may include the entire 
antigen. Immunogenicity of a particular sequence is often difficult to predict, although T cell 
epitopes may be predicted utiliang computer algorithms such as TSITES (Medlmmune, 
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MarylandX in order to scan coding regions for potential T-helper sites and CTL sites. From 
this analysis, peptides are synthesized and used as targets in an in vitro cytotoxic assay. 
Other assays, however, may also be utilized, including, for example, ELISA, which detects 
the presence of antibodies against the newly introduced vector, as well as assays which test 
S for T helper cells, such as gamma-interferon assays, IL-2 production assays and proliferation 
assays. 

Immunogenic portions may also be selected by other methods. For example, the 
HLA A2.1 transgenic mouse has been shown to be useful as a model for human T-cell 
recognition of viral antigens. Briefly, in the influenza and hepatitis B viral ^ems, the 

10 murine T cell receptor repertoire recognizes the same antigenic determinants recognized by 
human T cells. In both systems, the CTL response generated in the HLA A2.1 transgenic 
mouse is directed toward virtually the same epitope as those recognized by human CTLs of 
the HLA A2.1 haplotype (Vitiello et al., J. Exp. Med 775:1007-1015, 1991; Vitiello ct al.. 
Abstract ofMoleailar Biology of HepalilisB VinSSymposia, 1992). 

IS Particularly preferred immunogenic portions for incorporation into alphavirus vector 

constructs include HBeAg, HBcAg and HBsAgs, as described in greater detail below in 
Example 10. 

Additional immunogenic portions of the hepatitis B virus may be obtained by 
truncating the coding sequence at various locations including, for example, the following 

20 sites: Bst UI, Ssp I, Ppu Ml, and Msp I (Valenzuela etal., Natttre 2*0:815-19, 1979; 
Valenzuela et al.. Animal Vims (ieneiics: KWUCLA Symp. Mol. Cell Bioi, 1980, B. N. 
Fields and R. Jaenisch (eds ), pp. 57-70, New York: Academic). Further methods for 
determining suitable immunogenic portions as well as methods are also described below in 
the context of hepatitis C. 

25 As noted above, more than one immunogenic portion may be incorporated into the 

alphavirus vector construct. For example, an alphavirus vector construct may express (either 
separately or as one construct) all or immunogenic portions of HBcAg, HBeAg, HBsAgs, 
HBxAg, as well as immunogenic portions of HCV antigens. 

30 7. Sr)imcn.s for Hirn:;R()L(KK)i).s SnoimNCRs 

Sequences which encode the above-described proteins may be readily obtained from 
a variety of sources, including for example, depositories such as the American Type Culture 
Collection (ATCC, Rockville, MD), or from commercial sources such as British Bio- 
Technology Limited (Cowley, Oxford, England). Representative examples include BBG 12 

35 (contaitung the GM-CSF gene coding for the mature protein of 127 amino acids); BBG 6 
(which contains sequences encoding gamma interferon), ATCC No. 39656 (which contains 
sequences encoding TNF), ATCC No. 20663 (which contain sequences encoding alpha 
interferon), ATCC Nos. 31902, 31902 and 39517 (which contains sequences encoding beta 
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interferon), ATCC No 67024 (which contain a sequence which encodes Interleukin-lb); 
ATCC Nos. 39405, 39452, 39516, 39626 and 39673 (which contains sequences encoding 
lntcrleukin-2); ATCC Nos. 59399, 59398, and 67326 (which contain sequences encoding 
Interleukin-3); ATCC No. 57592 (which contains sequences encoding Interleukin-4), ATCC 
Nos. 59394 and 59395 (which contain sequences encoding Interlwkin-SX and ATCC No. 
67153 (which contains sequences encoding Interleukin-6). 

Sequences which encode altered cellular components as described above may be 
readily obtained from a variety of sources. For example, plasmids which contain sequences 
that encode altered cellular products may be obtained from a depo»tory such as the 
American Type Culture Collection (ATCC, Rockville, MD), or from commercial sources 
such as Advanced Biotechnologies (Columbia, Maryland). Representative examples of 
plasmids containing some of the above-described sequences include ATCC No. 41000 
(containing a G to T mutation in the 12th codon of ras), and ATCC No. 41049 (containing a 
G to A mutation in the 12th codon). <^ ;^ 

Alternatively, plasmids which encode normal cellular components may also be 
obtained from depositories such as the ATCC (see, for example, ATCC No. 41001, which 
contains a sequence which encodes the normal ras protein; ATCC No. 57103, which encodes 
abl; and ATCC Nos. 59120 or 59121, which encode the bcr locus) and mutated to form the 
altered cellular component. Methods for mutagenizing particular sites may readily be 
accomplished using methods known in the art (see Sambrook et al., sttpra., 15.3 ei seq.). In 
particular, point mutations of normal cellular components such as ras may readily be 
accomplished by site-directed mutagenesis of the particular codon, for example, codons 12, 
13 or 61. 

Sequences which encode the above-described viral antigens may likewise be obtained 
from a variety of sources. For example, moleculariy cloned genomes which encode the 
hepatitis B virus may be obtained from sources such as the American Type Culture 
Collection (ATCC, Rockville, MD). For example, ATCC No. 45020 contains the total 
genomic DNA of hepatitis B (extracted from purified Dane particles) (see Figure 3 of Blum 
et al, 77G 5(5): 154- 1 58, 1989) in the Bam HI site of pBR322 (Moriarty et al., Proc. Nail 
Acad. ScL USA 7<V:2606-26 1 0, 1981). 

Alternatively, cDNA sequences which encode the above-described heterologous 
sequences may be obtained from cells which express or contain the sequences. Briefly, 
within one embodiment, mRNA from a cell which expresses the gene of interest is reverse 
transcribed with reverse transcriptase using oligonucleotide dT or random primers. The 
single stranded cDNA may then be amplified by PCR (see U.S. Patent Nos. 4,683,202; 
4,683,195 and 4,800,159. See also PCR Techmlogy: Prhwiples and Applications for DNA 
Amplification^ Eriich (ed ), Stockton Press, 1989) utilizing oligonucleotide primers 
complementary to sequences on either side of desired sequences. In particular, a double- 



wo 96/17072 



PCT/US9S/1S490 



Stranded DNA is denatured by heating in the presence of heat stable Taq polymerase, 
sequence-specific DNA primers, dATP, dCTP, dGTP and dTTP. Double-stranded DNA is 
produced vAien synthesis is complete. This cycle may be repeated many times, resulting in a 
&ctorial amplification of the desired DNA. 

Sequences which encode the above-described proteins may also be syntheazed, for 
example, on an Applied Biosystems Inc. DNA synthesizer (e.g., APB DNA ^thesizer 
model 392 (Foster City, CA)). 

F. EUKAR YOTic Layered Vector Initiation Systems 

Due to the size of a full length genomic alphavirus cDNA clone, in vitro transcription 
of fiill length molecules is rather inefficient. This results in a lowered transfection efficiency 
in terms of infectious centers of virus (as measured by plaque formation), relative to the 
amount of /w vitro transcribed RNA transfected. Such inefficiency is also relevant to the in 
vitro transcription of alphavirus expression vectors. Testing of candidate cDNA clones and 
other alphavirus cDNA expression vectors for their ability to initiate an infectious cycle or to 
direct the expression of a heterologous sequence would thus be greatly fecilitated if a cDNA 
clone was transfected into susceptible cells as a DNA molecule, which then directed the 
synthesis of viral RNA /// v/vr>. 

Therefore, within one aspect of the present invention DNA vectors (referred to as 
"Eukaryotic Layered Vector Initiation Systems") are provided which are capable of directing 
the synthesis of viral RNA /// v/w. In particular, eukaryotic layered vector initiation systems 
are provided comprising a promoter which is capable of initiating the 5* synthesis of RNA 
firom cDNA, a construct which is capable of autonomous replication in a cell, the construct 
also being capable of expressing a heterologous nucleic acid sequence, and a 3* sequence 
which controls transcription termination. Briefly, such eukaiyotic layered vector initiation 
^sterns provide a two-stage or "layered" mecharasm which controls expression of 
heterologous nucleotide sequences. The first layer initiates transcription of the second layer, 
and comprises a promoter which is capable of initiating the 5* synthesis of RNA from cDNA 
{e.g.. a 5' promoter), a 3* transcription termination site, as well as one or more splice sites 
and/or a polyadenylation site, if desired. Representative promoters suitable for use within 
the present invention include both eukaryotic (e,g,^ pol I, II, or III) and prokaiyotic 
promoters, and inducible or non-inducible (/.c, constitutive) promoters, such as, for 
example. Murine Leukemia virus promoters (e.g., MoMLV), metallothionein promoters, the 
glucocorticoid promoter, Drosophila actin 5C distal promoter, SV 40 promoter, heat shock 
protein 65 promoter, heat shock protein 70 promoter, immunoglobulin promoters. Mouse 
polyoma virus promoter ("Py"), rous sarcoma virus ("RSV"), BK virus and JC virus 
promoters, MMTV promoter, alphavirus junction region, CMV promoter. Adenovirus 
VAIRNA, rRNA promoter, tRNA methionine promoter and the lac promoter. The second 
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layer comprises a construct which is capable of expressing one or more heterologous 
nucleotide sequences, and of replication in a cell either autonomously or in response to one 
or more factors. Within one embodiment of the invention, the second layer construct may be 
an alphavinis vector construct as described above. 
S A wide variety of vector systems may be utilized as the first layer of the eukaryotic 

layered vector initiation system, including for example, viral vector constructs developed 
from DNA viruses such as those classified in the Poxviridae, including for example canary 
pox virus or vaccinia virus {e.g,, Fisher-Hoch et al., PNAS *6:3 17-321, 1989; Flexner et al., 
Amh N,Y. Acad ScL J69:86-103, 1989; Flexner et al.. Vaccine 5:17-21, 1990; U.S. Patent 

10 Nos. 4,603,112, 4,769,330 and 5,017,487; WO 89/01973); Papoviridae such as BKV, JCV 
or SV40 (e.g.. Mulligan et al, Naiure 277: 108-1 14, 1979); Adenoviridae such as adeno^drus 
(e.g.. Berkner, Biotechiicpics 6:616-627, 1988; Rosenfeld etal.. Science 252:431-434, 
1991); Parvoviridae such as adeno-associated virus {e.g., Samulski etal., J. Vir 65:3822- 
3828, 1989; Mendelson et al., Virol 766:154-165, 198,8; PA 7/222,684); Herpesviridae such 

15 as Herpes Simplex Virus (e.g.. Kit, Adv. Exp. Med. Biol 275:219-236, 1989); and 
Hepadnaviridae {e.g.^ HBV), as well as certain RNA viruses which replicate through a DNA 
intermediate, such as the Retroviridae (see, e.g., U.S. Patent No. 4,777,127, GB 2,200,651, 
EP 0,345,242 and W09 1/02805; Retroviridae include leukemia in viruses such as MoMLV 
and immunodeficiency viruses such as HIV, e.g., Poznansky, J, Virol. 65:532-536, 1991). 

20 Similarly, a wide variety of vector systems may be utilized as second layer of the 

eukaryotic layered vector initiation system, including for example, vector systems derived 
from viruses from the families: Picomaviridae (e.g., poliovirus, rhinovirus, coxsackieviruses), 
Caliciviridae, Togaviridae (e.g. alphavirus, rubella), Flaviviridae (e.g., yellow fever), 
Coronaviridae (e.g., HCV, TGEV, IBV, MHV, BCV), Rhabdoviridae, FUoviridae, 

25 Paramyxo>aridae (e.g., parainfluenza virus, mumps virus, measles virus, and respiratory 
syncytial virus), Orthomyxoviridae (e.g., influenza virus), Bunyaviridae, Arena^oridae, 
Retroviridae (e.g., RSV, MoMLV, HIV, HTLV), hepatitis delta virus and Astrovirus. In 
addition, non-mammalian RNA viruses (as well as components derived therefrom) may also 
be utilized, including for example, bacterial and bacteriophage replicases, as well as 

30 components derived from plant viruses such as Topamoviruses and Bromoviruses (see 
Strauss et al., A//cm Re\K 5/^:491-562, 1994). 

The replication competency of the autocatalytic vector construct, contained within 
the second layer of the eukaryotic vector initiation system, may be measured by a variety of 
assays known to one of skill in the art including, for example, ribonuclease protection assays 

35 which measure increases in both positive-sense and negative*sense RNA over time, in 
transfected cells, in the presence of an inhibitor of cellular RNA synthesis, such as 
dactinomycin, and assays which measure expression of a heterologous reporter gene in 
transfected cells. 
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Within particularly preferred embodiments of the invention, eukaxyotic layered vector 
initiation qrstems are provided that comprise a 5* promoter which is capable of initiating the 
synthesis of viral RNA from cDNA, followed by a S* sequence which is capable of initiating 
transcription of an alphavirus, a nucleotide sequence encoding alphavinis non-structural 
protons, a viral junction region which is dther active or which has bem inactivated such that 
viral transcription of the subgenomic fragment is prevented^ an alphavinis RNA polymerase 
recognition sequence, and a 3' sequence which controls transcription termination. Within 
various embodiments, the viral junction region may be modified, such that viral transcription 
of the subgenomic fraigment is merely reduced, rather than inactivated. Within other 
embodiments, a second viral junction region may be inserted following the first inactivated 
viral junction region, the second viral junction region being modified such that viral 
transcription of the subgenomic fragment is reduced. 

Following transcription of an alphavirus cDNA vector construct, the resulting 
alphavtfus RNA vector molecule is comprised of a S' sequence which is capable of iiutiating 
transcription of an alphavirus, a nucleotide sequence encoding alpha^nis non-structural 
proteins, a viral junction region, a heterologous nucleotide sequence, an alphavirus RNA 
polymerase recognition sequence, and a polyadenylate sequence. 

Various aspects of the alphavirus cDNA vector constructs have been discussed 
above, including the 5' sequence which is capable of initiating transcription of an alphavirus, 
the nucleotide sequence encoding alphavirus non-structural proteins, the viral junction region 
which has been inactivated such that viral transcription of the subgenomic Augment is 
prevented, and the alphavirus RNA polymerase recognition sequence. In addition, modified 
junction regions and tandem junction regions have also been discussed above. 

Within certain aspects of the present invention, methods are provided for delivering a 
heterologous nucleotide sequence to a warm-blooded animal, comprising the step of 
administering a eukaryotic layered vector imtiation system as described above, to a warm- 
blooded animal. Eukaryotic layered vector initiation systems mi^ be administered to warm- 
blooded animals ehher directly {e.g., intravenously, intramuscularly, tntraperitoneally, 
subcutaneously, orally, rectally, intraoculariy, intranasally), or by various physical methods 
such as lipofection (Feigner et al., Proc. Natl. Acad. Set. USA W:74I3.7417, 1989), direct 
DNA injection (Acsadi et al., Nafure 552:815-818, 1991); microprojectile bombardment 
(Williams et al., PNAS 88:2726-2730, 1991); liposomes of several types (see. e.g., Wang et 
al.,PM45W:785 1-7855, 1987); CaP04 (Dubensky et al., PAMS«7:7529-7533, 1984); DNA 
ligand (Wu et al, J. of Biol Chem. 2fr/: 16985-16987, 1989); administration of nucleic acids 
alone (WO 90/1 1092); or administration of DNA linked to killed adenovirus (Curiel et al.. 
Hum. Gene Then 3:147-154, 1992); via polycation compounds such as polylysine, utilizing 
receptor specific ligands; as well as with psoralen inactivated viruses sudi as Sendai or 
Adenovirus. In addition, the eukaryotic layered vector initiation systems may eitiier be 




wo 96^7072 PCT/US9S/1S490 

administered directly (Le., mvimX or to cells which have been removed (exv/vo), and 
subsequently returned. 

Eukaryotic layered vector initiation systems may be administered to a wann-blooded 
animal for any of the therapeutic uses described herein, including for example, for the 
S purpose of stimulating a specific immune response; inhibiting the interaction of an agent with 
a host cell receptor, to express a toxic palliative, including for example, comfitional toxic 
palliatives; to immunologically regulate the immune system; to express markers, and for 
replacement gene therapy. These and other uses are discussed in more detail below. 

10 G. Alpha VIRUS Packaginci Cell Lines 

Within further embodiments of the invention, alphavirus packaging cell lines are 
provided. In particular, within one aspect of the present invention, alphavirus packaging ceU 
lines are provided wherein the \dral structural proteins, supplied in trans from one or more 
stably integrated expression vectors, are able to encapsidate transfected, transducedr pr 

IS intracellularly produced vector RNA transcripts in the (^oplasm and release infectious 
packaged vector particles through the cell membrane, thus creating an alphavirus vector 
producing cell line. Alphavirus RNA vector molecules, capable of replicating in the 
cytoplasm of the packaging cell, can be produced initially utilizing, for example, a SP6 RNA 
polymerase system to transcribe //; v/7rci a cDN A vector clone encoding the gene of interest 

20 and the alphavirus nonstructural proteins (described previously). Vector RNA transcripts are 
then transfected into the alphavirus packaging cell line, such that the vector RNA replicates 
to higli levels, and is subsequently packaged by the viral structural proteins, yielding 
infectious vector particles. Because of the extended length of the alphavuus cDNA 
molecule, the in vitro transcription process is inefficient. Further, only a fraction of the cells 

25 conUuned in a monolayer are typically transfected by most procedures. 

In an effort to optimize vector producing cell line performance and titer, two 
successive cycles of gene transfer may be performed. In particular, rather than directly 
transfecting alphavirus RNA vector molecules into the final producing cell line, the vector 
may first be transfected into a primary alphavirus packaging cell line. The transfected 

30 packa^ng cell line releases infectious vector particles into the culture supematants and these 
vector-containing supematants are subsequently used to transduce a fresh monolayer of 
alphavirus packaging cells. Transduction into the fmal alphavirus vector producing cells is 
preferred over transfection because of its higher RNA transfer ^dency into cells, and 
opdmized biological placement of the vector in the cell. This leads to higher expression and 

35 higher titer of packaged infectious recombinant alphavirus vector. 

Within certain embodiments of the Invention, alphavirus vector particles nuty fail to 
transduce the same packaging cell line because the cell line produces extracellular envelope 
proteins which block cellular receptors for alphavirus vector particle attachment, a second 
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type of alphavinis vector particle is generated which maintains the ability to transduce the 
alphavirus packaging cells. This second type of viral particle is produced by a packaging cell 
line known as a "hopping cell line." which produces transient vector particles as the result of 
being transfected with in vitro transcribed alphavirus RNA vector transcripts. Briefly, the 
hopping cell line is engineered to redirect the receptor tropism of the transiently produced 
vector partides by providing alternative viral envelope proteins which redirect alphavirus 
vectors to different cellular receptors, in a process termed pseudotyping. Two primary 
approaches have been devised for alphavirus vector particle pseudotyping. The first 
approach consists of an alphavirus packaging cell line expressing the vesicular stomatitis 
vims G protein (VSV-G). The second approach for producing a pseudotyped alphavirus 
vector particle is to use currently available retroviral packaging cell lines containing retroviral 
gaglpol and ettv sequences which would be capable of packaging an alphavinis RNA vector 
containing a retroviral packaging sequence {e.g., WO 92/05266). 

Within other embodiments of the invention, a second approach has also been devised 
in which a stably integrated DNA expression vector is used to produce the alphavirus vector 
RNA molecule, which, as in the first approach, maintains the autocatalytic ability to self- 
replicate. This approach allows for continued vector expression over extended periods of 
culturing because the integrated DNA vector expression system is maintained through a dnig 
selection marker and the DNA system will constitutively express unaltered RNA vectors 
which cannot be diluted out by defective RNA copies. In this -producer cell line" 
configuration, the DNA-based alphavirus vector is introduced initially into the packaging ceU 
line by transfection. since size restrictions could prevent packaging of the expression vector 
into a viral vector particle for transduction. Also, for this configuration, the SP6 RNA 
polymerase recognition site of the plasmid, previously used to transcribe vector RNA w 
vitro, is replaced with another appropriate promoter sequence defined by the parent cell line 
used. In addition, this plasmid sequence also contains a selection mailcer different from that 
used to create the padcaging cell line. 

The expression of alphavirus proteins and/or vector RNA above certain levels may 
result in cytotoxic effects in packaging cell lines. Ther«fi)re. within certain embodiments of 
the invention, it may be desirable for these elements to be expressed only after the 
packaging/producer cdls have been propagated to a certain critical density. For this 
purpose, additional packaging or producer cell line modifications are made whereby the 
stnictural protdns necessary for padcaging are synthesized only after induction by the RNA 
vector itsdf or some other stimulus. Also, other modifications aUow for the individual 
expression of these proteins under the control of separate indudble dements, by utHizing 
expression vectore which unlink the geoes encoding these protdns. In addition, expression 
of the integrated vector molecule itsdf. in some instances, is controUed by yet another 
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inducible system. This configuration results in a cascade of events following induction, that 
ultimately leads to the production of packaged vector particles. 



5 H. METHom FOR Uth jzn^} Alpha virus Vectors 

1. lMMl]N0SnMin.AT10N 

Within other aspects of the present invention, compositions and metfiods are 

provided for administering an alphavirus vector construct which is capable of preventing, 

inhibiting, stabilizing or reversing infectious, cancerous, auto-immune or immune diseases. 
10 Representative examples of such diseases include viral infections such as HTV, HBV HTLV 

I, HTLV II, CMV, EBV and HPV, melanomas, diabetes, graft vs. host disease, Alzhdmer's 

disease and heart disease. 

More specifically, within one aspect of the present invention, compositions and 

methods are provided for stimulating an immune response (either humoral or cell-mediated) 
15 to a pathogenic agent, such that the pathogenic agent is either killed or inhibited. 

Representative examples of pathogenic agents include bacteria, fiin^, parasites, viruses and 

cancer cells. 

Within one embodiment of the invention the pathogenic agent is a virus^ and methods 
are provided for stimulating a specific immune response and inhibiting viral spread by using 

20 recombinant alphavirus viral particles designed to deliver a vector construct that directs the 
expression of an antigen or modified form thereof to susceptible target cells capable of either 
(1) initiating an immune response to the viral antigen or (2) preventing the viral spread by 
occupying cellular receptors required for viral interactions. Expression of the vector nucleic 
acid encoded protein may be transient or stable with time. Where an immune response is to 

25 be stimulated to a pathogenic antigen, the recombinant alphaviais is preferably designed to 
express a modified form of the antigen which will stimulate an immune response and whidi 
has reduced pathogenicity relative to the native antigen. This immune response is achieved 
when cells present antigens in the correct manner, i.c\. in the context of the MHC class I 
and/or II molecules along with accessoiy molecules such as CDS, ICAM-1, ICAM-2, LFA- 

30 1, or analogues thereof Altmann et al., Natvre 338:512, 1989). Cells infected with 
alpha\arus vectors are expected to do this efficiently because they closely mimic genuine viral 
infection and because they: (a) are able to infect non-replicating cells, (b) do not integrate 
into the host cell genome, (c) are not associated with any life threatening diseases, and 
(d) express high levels of heterologous protein. Because of these differences, alphavirus 

35 vectors can easily be thought of as safe viral vectors which can be used on healthy individuals 
for vaccine use. 

This aspect of the invention has a further advantage over other systems that might be 
expected to function in a similar manner, in that the presenter cells are fully viable and 
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healthy and low levels of viral antigens, relative to heterologous genes, are expressed. This 
presents a distinct advantage since the antigenic epitopes expressed can be altered by 
selective cloning of sub-fragments of the gene for the antigen faito the recombinant 
alphawus, leading to responses against immunogenic epitopes which may otherwise be 
overshadowed by immunodominant epitopes. Such an approach may be extended to the 
expression of a peptide ha>ang multiple epitopes, one or more of the epitopes being derived 
fiom diffisrent proteins. Further, this aspect of the invention allows effident stimulation of 
Ototoxic T lymphocytes (CTL) directed against antigenic efntopes, and pepdde fragments of 
antigens encoded by sub-fragments of genes, through intracellular synthesis and association 
of these peptide fragments with MHC Class I molecules. This approach may be utilized to 
map major immunodominant epitopes for CTL induction. 

An immune response may also be achieved by transferring to an appropriate immune 
cell (such as a T lymphocyte) the gene for the specific T cell receptor which recognizes the 
antigen of interest (in tiie^cohtext of an appropriate MHC molecule if necessaiy), for an 
immunoglobulin which recognizes the antigen of interest, or for a hybrid of tfje two which 
provides a CTL response in the absence of tiie MHC context. Thus, tiie recombinant 
alphavinis infected cells may be used as an immunostimulant. immunomodulator. or vaccine. 

In another embodiment of the invention, methods are pro^nded for producing 
inhibitor palliatives wherein alphavirus vectors deliver and express defective interfering viral 
structural proteins, which inhibit viral assembly. Such vectors may encode defective gag, 
pol, env or other viral particle proteins or peptides and these would inhibit in a dominant 
fashion tiie assembly of viral particles. This occurs because the interaction of normal 
subunits of the viral particle is disturbed by interaction with the defective subunits. 

In anotiier embodiment of the invention, methods are provided for the expression of 
inhibiting peptides or proteins specific for viral protease. Briefly, viral protease cleaves the 
viral ^ and gpglpol proteins into a number of smaller peptides. Failure of this cleavage in 
all cases leads to complete inhibition of production of infectious retroviral particles. As an 
example, the HIV protease is known to be an aspartyi protease and tiiese are known to be 
inhibited by peptides made from amino adds firom protdn or analogues. Vectors to inhibit 
HIV will express one or muhiple fused copies of such peptide inhibitors. 

Another embodiment involves the deliveiy of suppressor genes which, when ddeted, 
mutated, or not expressed in a cdl type, lead to tumorigenesis in tfwt ceU type. 
Rdntroduction of the ddeted gene by means of a viral vector leads to regression of tfje 
tumor phenotype in these cells. Examples of such cancers are retinoblastoma and Wdms 
Tumor. Since malignancy can be considered to be an inhibition of cellular terminal 
difierentiation compared with cdl growth, tiie dphavirus vector ddivery and expression of 
gene products which lead to differentiation of a tumor should also, m general, lead to 
r^resaon. 
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In yet another embodiment, the alphavirus vector provides a therapeutic effect by 
encoding a ribozyme (an RNA enzyme) (Haseloff and Gerlach, Nature 334\S%5, 1989) which 
will cleave and hence inactivate RNA molecules corresponding to a pathogenic function. 
Since ribo^es function by recognizing a specific sequence in the target RNA and this 
sequence is normally 12 to 1 7 bp« this allows specific recognition of a particular RNA species 
such as a RNA or a retroviral genome. Additional specificity may be achieved in some cases 
by making this a conditional toxic palliative {see below). 

One way of increasing the effectiveness of inhibitory palliatives is to express viral 
inhibitory genes in conjunction with the expression of genes which increase the probability of 
infection of the resistant cell by the virus in question. The result is a nonproductive "dead- 
end" event which would compete for productive infection events. In the specific case of 
HIV, vectors may be delivered which inhibit HIV replication (by expressing anti-sense tat, 
etc., as described above) and also overexpress proteins required for infection, such as CD4. 
In this way, a relatively small number of vector-infected HIV-resistant cells act as a "sink** or 
"magnet" for multiple nonproductive fusion events uath free virus or virally infected ceUs. 

Many infectious diseases, cancers, autoimmune diseases, and other diseases involve 
the interaction of viral particles with cells, cells with cells, or cells with factors. In viral 
infections, viruses commonly enter cells via receptors on the surface of susceptible cells. In 
cancers, cells may respond inappropriately or not at all to signals fi-om other cells or factors. 
In autoimmune disease, there is inappropriate recognition of "self markers. Within the 
presmt invention, such interactions may be blocked by producing, in vivo, an analogue to 
either of the partners in an interaction. 

This blocking action may occur intracellularly, on the cell membrane, or 
extracellularly. The blocking action of a viral or, in particular, an alphavirus vector carrying 
a gene for a blocking agent, can be mediated either from inside a susceptible cell or by 
secreting a version of the blocking protein to locally block the pathogenic interaction. 

In the case of HIV, the two agents of interaction are the gp I20/gp 41 envdope 
protein and the CD4 receptor molecule. Thus, an appropriate blocker would be a vector 
construct expressing either an HIV em analogue that blocks HIV entry without causing 
pathogenic effects, or a CD4 receptor analogue. The CD4 analogue would be secreted and 
would function to protect neighboring cells, while the gp 120/gp 41 is secreted or produced 
only intracellularly so as to protect only the vector-containing cell. It may be advantageous 
to add human immunoglobulin heavy chains or other components to CD4 in order to 
enhance stability or complement lysis. Delivery of an alphavirus vector encoding such a 
hybrid-soluble CD4 to a host results in a continuous, supply of a stable hybrid molecule. 
EflicaQr of treatment can be assayed by measuring the usual indicators of disease 
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progression, including antibody level, viral antigen production, infectious HIV levels, or 
levels of nonspecific infections. 

3. Expression o f Palijativks 

Techniques nmilar to those described above can be used to produce recombinant 
alphavirus with vector constructs which direct the expression of an agent (or "palliative") 
which is capable of inhibiting a fiinction of a pathogenic agent or gene. Within the present 
invention, "capable of inhibiting a function" means that the palliative either directly inhibits 
the function or indirectly does so, for example, by converting an agent present in the cells 
from one which would not normally inhibit a function of the pathogenic agent to one which 
does. Examples of such functions for viral diseases include adsorption, replication, gene 
expression, assembly, and exit of the vims from infected cells. Examples of such functions 
for a cancerous cell or cancer-promoting growth factor include viability, cell replication, 
jBhered susceptibility to- external signals (e.g., contact inhibition), and lack of production or 
production of mutated forms of anti-oncogene proteins. 

(q) Jnhihilor PaUiatives 

In one aspect of the present invention, the alphavirus vector construct directs the 
expression of a gene which can imerfere with a function of a pathogenic agent, for instance 
in viral or malignant diseases. Such expression may either be essentially continuous or in 
response to the presence in the cell of another agent associated either with the pathogenic 
condition or with a specific cell type (an "idemifying agent"). In addition, vector deliveiy 
may be controlled by targeting vector entry specifically to the desired cell type (for instance, 
a virally infected or malignant cell) as discussed above. 

One method of administration is leukophoresis, in which about 20% of an individual's 
PBLs are removed at any one time and manipulated in vitro. Thus, approximately 2 x 10' 
cells may be treated and replaced. Repeat treatments may also be performed. Alternatively, 
bone marrow may be treated and allowed to amplify the efTeci as described above. In 
addition, packaging cell lines producing a vector may be directly injected into a subject, 
allowing continuous production of recombinant virions. 

In one embodiment, alphavirus vectors which express RNA complementary to kqr 
pathogenic gene transcripts (for example, a viral gene product or an activated cellular 
oncogene) can be used to inhibit translation of that transcript into protein, such as the 
inhibition of translation of the HIV tat protein. Since expression of this protein is essenUal 
for viral replication, cells containing the vector would be resistant to HIV replication. 

In a second embodiment, where the pathogenic agent is a single-stranded virus 
having a packaging signal, RNA complementaiy to the viral packaging signal {e.g., an HIV 
packaging signal when the palliative is directed against HIV) Is expressed, so that the 
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association of these molecules with the viral packaging signal will, in the case of retroviruses, 
inhibit stem loop formation or tRNA primer binding required for proper encapsidation or 
replication of the alphavirus UNA genome. 

In a tlurd embodiment, an alphavirus vector may be introduced which expresses a 
S palliative capable of selectively inhibiting the expression of a pathogenic gene, or a palliative 
capable of inhibiting the activity of a protein produced by the pathogenic agent. In the case 
of HIV, one example is a mutant tat protein which lacks the ability to transactivate 
expression from the HIV LTR and interferes (in a transdominant manner) with the normal 
functioning of tat protein. Such a mutant has been identified for HTLV 11 tat protdn ("XII 

10 Leu^- mutant; see Wachsman et al.. Science 255:674, 1987). A mutant transrepressor tat 
should inhibit replication much as has been shown for an analogous mutant repressor in 
HSV-1 (Friedmann et al, Naiure i3J:452, 1988), 

Such a transcriptional repressor protein may be selected for in tissue culture using 
any >aral*specific transcriptional promoter whose expression is stimulated by a >arus-specific 

IS transactivating protein (as described above). In the specific case of HIV, a ceU 'line 
expressing HIV tat protein and the HSVTK gene driven by the HIV promoter will die in the 
presence of ACV. However, if a series of mutated tat genes are introduced to the system, a 
mutant with the appropriate properties (U\, represses transcription from the HTV promoter 
in the presence of wild-type tat) will grow and be selected. The mutant gene can then be 

20 reisolated from these cells. A cell line containing multiple copies of the conditionally lethal 
vector/tat system may be used to assure that surviving cell clones are not caused by 
endogenous mutations in these genes. A battery of randomly mutagenized tat genes are then 
introduced into these cells using a "rescuable** alphavirus vector (/.e., one that expresses the 
mutant tat protein and contains a bacterial origin of replication and drug resistance marker 

25 for growth and selection in bacteria). This allows a large number of random mutations to be 
evaluated and permits facile subsequent molecular cloning of the desired mutant cell line. 
This procedure may be used to identify and utilize mutations in a variety of viral 
transcriptional activator/viral promoter systems for potential antiviral therapies. 

30 4. CONDITIONAK ToXIC PaIJ.IATIVES 

Another approach for inhibiting a pathogenic agent is to express a palliative which is 
toxic for the cell expressing the pathogenic condition. In this case, expression of the 
palliative fix)m the vector should be limited by the presence of an entity associated with the 
pathogenic agent, such as a specific viral RNA sequence identifying the pathogeruc state, in 
35 order to avoid destruction of nonpathogenic cells. 

In one embodiment of this method, a recombinant alphavirus vector carries a vector 
construct containing a toxic gene (as discussed above) expressed from a cell-spedfic 
responsive vector. In this manner, rapidly replicating cells, which contain the RNA 
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sequences capable of activating the cell-specific responsive vectors, are preferentiaUy 
destroyed by the cytotoxic agent produced by the alphavirus vector construct. 

In a similar manner to the preceding embodiment, the alphavirus vector construct can 
cany a gene for phosphoiylation, phosphoribosylation. ribosylation, or other metabolism of a 
purine- or pyrimidine-based drug. This gene may have no equivalent in mammalian cells and 
might come from organisms such as a virus, bacterium, fungus, or protozoan. An example 
of this would be the E. coli guanine phosphoribosyl transferase gene product, which is lethal 
in the presence of thioxanthine (see Besnard et al., Mol. Cell. BioL 7:4139-4141, 1987). 
Conditionally lethal gene products of this type (also referred to as "proi^drugs" above) have 
application to many presently known purine- or pyrimidine-based anticancer drugs, which 
often require intracellular ribosylation or phosphorylation in order to become effective 
cytotoxic agents. The conditionally lethal gene product could also metabolize a nontoxic 
drug which is not a purine or pyrimidine analogue to a cytotoxic form (see Searle et al., Brit 
J. Cancer 53:377-364, me). 

Mammalian viruses in general tend to have "immediate eariy" genes which are 
necessary for subsequent transcriptional activation from other viral promoter elements. RNA 
sequences of this nature are excellent candidates for activating alphavirus vectors 
intracellular signals (or "identifying agents") of viral infection. Thus, conditionally lethal 
genes expressed from alphavirus cell-specific vectors responsive to these viral "immediate 
early" gene products could specifically kill cells infected with any particular virus. 
Additionally, since the human and interferon promoter elemems are transcriptionally 
activated in response to infection by a wide variety of nonrelated viruses, the introduction of 
vectors expressing a conditionally lethal gene product like HSVTK, for example, in response 
to interferon production could result in the destruction of cells infected with a variety of 
different viruses. 

In another aspect of the present invention, the recombinant alphavirus viral vector 
carries a vector construct that directs the expression of a gene product capable of activating 
an otherwise inactive precursor into an active inhibitor of the pathogenic agent. For 
example, the HSVTK gene product may be used to more effectively metabolize potentially 
antiviral nucleoside analogues such as AZT or ddC. The HSVTK gene may be expressed 
under the control of a cell-specific responsive vector and introduced into these cell types. 
AZT (and other nucleoside antivirals) must be metabolized by cellular mechanisms to the 
nucleotide triphosphate form in order to specifically inhibit retroviral reverse transcriptase, 
and thus, HIV repUcation (Furmam et al., Proc Nail. Acad. Sci. USA «:8333-8337. 1986). 
Constitutive expression of HSVTK (a nucleoside and nucleoside kinase with vay broad 
substrate specificity) results in more effective metabolism of these drugs to their biologically 
active nucleotide triphosphate form. AZT or ddC therapy will thereby be more effective, 
allowing lower doses, less generaUzed toxicity, and higher potency against productive 
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infection. Additional nucleoside analogues whose nucleotide triphosphate forms show 
selectivity for retroviral reverse transcriptase but, as a result of the substrate specifidty of 
cellular nucleoside and nucleotide kinases are not phosphorylated, will be made more 
efficacious. 

S Administration of these alphavirus vectors to hunum T cell and 

macrophage/monocyte cell lines can increase their resistance to HIV in the presence of AZT 
and ddC compared to the same cells without retroviral vector treatment. Treatment with 
AZT would be at lower than normal levels to avoid toxic side effects but still efficiently 
inhibit the spread of HI V. The course of treatment would be as described for the blocker. 

10 In one embodiment, the recombinant alphavirus vector carries a gene specifying a 

product which is not in itself toxic but, when processed or modified by a protein such as a 
protease specific to a viral or other pathogen, is converted into a toxic form. For example, 
the recombinant alphavdrus could carry a gene encoding a proprotein for ricin A chain, which 
becomes toxic upon processing by the HIV protease. More specifically, a synthetic inactive 

IS proprotein form of the toxin ricin or diphtheria A chains could be cleaved to the active form 
by arranging for the HIV ^arally encoded prot^se to recognize and cleave off an appropriate 
••pro" element. 

In another embodiment, the alphavirus construct may express a "reporting product** 
on the surface of the target cells in response to the presence of an identifying agent in the 
20 cells (such as expression of a viral gene). This surface protein can be recognized by a 
cytotoxic agent, such as antibodies for the reporting protein, or by cytotoxic T cells. In a 
similar manner, such a system can be used as a detection system {see below) to simply 
identify those cells having a particular gene which expresses an identifying protdn. 

Similariy, in another embodiment, a surface protein could be expressed which would 
25 itself be therapeutically beneficial. In the particular case of HIV, expression of the human 
CD4 protdn specifically in HIV-infected cells may be beneficial in two ways: 

1 . Binding of CD4 to HIV env intracellularly could inhibit the formation 
of viable viral particles, much as soluble CD4 has been shown to do for fi*ee virus, but 
without the problem of systematic clearance and possible immunogenicity, since the 

30 protein will remain membrane bound and is structurally identical to endogenous CD4 

(to which the patient should be immunologically tolerant). 

2. Since the CD4/HIV env complex has been implicated as a cause of 
cell death, additional expression of CD4 (in the presence of excess HTV-env present 
in HIV-infected cells) leads to more rapid cell death and thus inhibits viral 

3S dissemination. This may be particulariy applicable to monocytes and macrophages, 

which act as a reservoir for virus production as a result of their relative refinctility to 
HIV-induced cytotoxicity (which, in turn, is apparently due to the relative lack of 
CD4 on their cell surfaces). 
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In another embodiment, the alphavirus vector codes for a ribozyme which will cleave 
and inactivate RNA molecules essential for viability of the vector infected cdl. By making 
ribozyme production dependent on a specific RNA sequence corresponding to the 
pathogenic state, such as HIV tat. toxicity is specific to the pathogenic state. 

S. EXPRRSSlflN OF MARKRB jj 

The above-described technique of expressing a palliative in a cdl in response to a 
specific RNA sequence can also be modified to enable detection of a particular gene in a cell 
which expresses an identifying protein (for example, a gene carried by a particular vims), and 
hence enable detection of cells carrying that virus. In addition, this technique enables the 
detection of viruses (such as HIV) in a clinjpal sample of cells canying an identifying protein 
associated with the virus. 

This modification can be accomplished by providing a genome coding for a product, 
the presence of which can be readily identified (the "maricer product"), in an alphavirus 
vector which responds to the presence of the identifying protein in the infected ceHs. For 
example. Hiy, when it infects suitable cells, makes tat and rev. The indicator cells can thus 
be provided with a genome (such as by infection with an appropriate recombinant alphavinis) 
which codes for a marker gene, such as the alkaUne phosphatase gene. P-galactosidase gene, 
or the luciferase gene which is expressed by the recombinant alphavirus upon acth/ation by 
the tat and/or rev RNA transcript. In the case of 0-galactosidase or alkaline phosphatase, 
exposing the cells to substrate analogues results in a color or fluorescence change if the 
sample is positive for HIV. In the case of luciferase. exposing the sample to luciferin will 
result in luminescence if the sample is positive for HIV. For intracellular enzymes such as p- 
galactosidase, the viral titre can be measured directly by counting colored or fluorescent 
ceUs, or by making cell extracts and performing a suitable assay. For the membrane bond 
form of alkaline phosphatase, virus titre can also be measured by performing enzyme assays 
on the cell surface using a fluorescent substrate. For secreted enzymes, such as an 
engineered form of alkaline phosphatase, small samples of culture supernatant are assayed 
for activity, allowing continuous monitoring of a single culture over time. Thus, different 
forms of this marker system can be used for different purposes. These include counting 
active virus, or sensitively and simply measuring viral spread in a culture and the inhibition of 
this spread by various drugs. 

Further specificity can be incorporated into the preceding system by testing for the 
presence of the virus either with or without neutralizing antibodies to that virus. For 
example, in one portion of the clinical sample being tested, neutralizing antibodies to HIV 
may be present; whereas in another portion there would be no neutralizing antibodies. If the 
tests were negative in the system where there were antibodies and positive where there were 
no antibodies, this vwwld assist in confirming the presence of HIV. 
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Within an analogous system for an /// vHro assay, the presence of a particular gene, 
such as a viral gene« may be determined in a cell sample. In this case, the cells of the sample 
are infected with a suitable alphavirus vector which carries the reporter gene which is only 
expressed in the presence of the appropriate viral RNA transcript. The reporter gene, after 
entering the sample cells, will express its reporting product (such as p-galactosidase or 
luciferase) only if the host cell expresses the appropriate viral proteins. 

These assays are more rapid and sensitive, since the reporter gene can express a 
greater amount of reporting product than identifying agent present, ^ch results in an 
amplification effect. 

6. IMMI INE D( )WN.RFXU JLATfON 

As briefly described above, the present invention also provides recombinant 
alphavirus which carry a vector construct capable of suppressing one or more elements of the 
immune system in target cells infected with the alphavirus. 

Briefly, specific down-regulation of inappropriate or unwanted immune responses, 
such as in chronic hepatitis or in transplants of heterologous tissue such as bone marrow, can 
be engineered using immune-suppressive viral gene products which suppress sur&ce 
expression of transplantation (MHC) antigen. Group C adeno>druses Ad2 and AdS possess a 
19 kd glycoprotein (gp 1 9) encoded in the E3 region of the virus. This gp 19 molecule binds 
to class I MHC molecules in the endoplasmic reticulum of cells, and prevents terminal 
glycosylation and translocation of class I MHC to the cell surface. For example, prior to 
bone marrow transplantation, donor bone marrow cells may be infected with gp 19-encoding 
vector constructs which, upon expression of the gp 19, inhibit the surface expression of 
MHC class I transplantation antigens. These donor cells may be transplanted with low risk 
of graft rejection and may require a minimal immunosuppressive r^imen for the transplant 
patient. This may allow an acceptable donor-recipient chimeric state to exist with fewer 
complications. Similar treatments may be used to treat the range of so-called autoimmune 
diseases, including lupus erytbromiatis, multiple sclerosis, rheumatoid arthritis or chronic 
hepatitis B infection. 

An alternative method involves the use of anti-sense message, ribozyme, or other 
specific gene expression inhibitor specific for T cell clones which are autoreactive in nature. 
These block the expression of the T cell receptor of particular unwanted clones responsible 
for an autoimmune response. The anti-sense, ribozyme, or other gene may be introduced 
using the viral vector delivery system. 

7. REPLACEMRNTOtt Al lOMKNT ATION GENE THERAPY 

One fiirther aspect of the present invention relates to transforming cells of an animal 
with recombinant alpha>arus vectors which serve as gene transfer vehicles to supply genetic 
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sequences capable of expressing a therapeutic protein. A^ithin one embodiment of the 
present invention, the viral vector construct is deigned to express a therapeutic protein 
capable of preventing, inhibiting, stabilizing or reversing an inherited or nomnherited genetic 
defect in metabolism, immune regulation, hormonal regulation, en29rmatic or membrane 
5 associated structural function. This embodiment also describes the viral vector capable of 
transducing individual cells, whereby the therapeutic protein is able to be expressed 
systemically or locally firom a specific cell or tissue, wherd>y the therapeutic protdn is 
capable of (a) the replacement of an absent or defective cellular protein or enzyme, or 
(b) supplement production of a defective of low expressed cellular protein or enzyme. Such 
10 diseases may include cystic fibrosis, Parkinson's disease, hypercholesterolemia, adenosine 
deaminase deficiency, 6-globin disorders. Hemophilia A & B, Gaucher's disease, diabetes and 
leukemia. 

As an example of the present invention, a recombinant alphavirus viral vector can be 
used to treat Gaucher disease. Briefly, Gaucher disease is a genetic disorder that is 

IS characterized by the deficiency of the enzyme glucocerebrosidase. This type of therapy is an 
example of a single gene replacement therapy by providing a functional cellular enzyme. 
This enzyme deficiency leads to the accumulation of glucocerebroside in the lysosomes of all 
cells in the body. However, the disease phenotype is manifested only in the macrophages, 
except in the very rare neuronpathic forms of the disease. The disease usually leads to 

20 enlargement of the liver and spleen and lesions in the bones. (For a review, see Science 
256:794, 1992, and The Melaholic Basis of hiheriled Disease, 6th ed., Scriver et al., vol. 2, 
p. 1677). 



8. LYMPHOKINF..S AND LYMI'HOKINE RECEPTIQRS 

25 As noted above, the present invention provides alphavirus particles which can, among 

other fiirictions, direct the expression of one or more ^okines or cytokine receptors. 

Briefly, in addition to their role as cancer therapwtics, cytokines can have native 
effects resulting in certain pathological conditions. For example, most resting T-cells» B 
cells, large granular lymphocytes and monocytes do not express IL*2Ra. In contrast to the 

30 lack of IL-2Ra expression on normal resting cells, IL*2Ra is expressed by abnormal cells in 
patients with certain leukemias (ATL, Hairy-cell, Hodgkins, acute and chrome granulocytic), 
autoinunune diseases, and is associated with allograft rejection. Interestingly, in most of 
these patients the serum concentration of a soluble form of IL-2Ra is elevated. Therefore, 
with certain embodiments of the invention therapy may be effected by increasing the serum 

35 concentration of the soluble form of the cytokine receptor. For example, in the case of IL- 
2R, an alphavirus vector can be engineered to produce both soluble IL-2Ra and IL-2RP, 
creating a high affinity soluble receptor. In this configuration, serum IL-2 levels would 
decrease, inhibiting the paracrine loop. 
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This same strategy may also be effective against autoimmune diseases. In particular, 
because some autoimmune diseases {e,g,. Rheumatoid arthritis, SLE) are also associated 
with abnormal expression of IL-2, blocking the action of tt.-2 by increasing the serum level 
of receptor may also be utilized in order to treat such autoimmune diseases. 

In other cases inhibiting the levels of IL-I may be beneficial. Briefly, IL*1 con»sts of 
two polypeptides, IL-la and IL-13, each of which has plieotropic effects. IL-l is primarily 
^thesized by mononuclear phagocytes, in response to stimulation by microbial products or 
inflammation. There is a naturally occurring antagonist of the IL-IR, referred to as the IL-1 
Receptor antagonist ("IL-lRa"). This IL-IR antagonist has the same molecular size as 
mature IL-1 and is structurally related to it. However, binding of IL-lRa to the IL-IR does 
not initiate any receptor signaling. Thus, this molecule has a different mechanism of action 
than a soluble receptor, which complexes with the cytokine and thus prevents interaction 
with the receptor. IL-1 does not seem to play an important role in normal homeostasis. In 
animals, antibodies to IL-1 receptors; reduce inflammation and anorexia due to endotoxins 
and other inflammation inducing agents. 

In the case of septic shock, IL-1 induces secondary compounds which are potent 
vasodilators. In animals, exogenously supplied IL-1 decreases mean arterial pressure and 
induces leukopenia. Neutralizing antibody to IL-1 reduced endotoxin-induced fever in 
animals. In a study of patients with septic shock who were treated with a constant infusion 
of IL-1 R for three days, the 28 day mortality was 16% compared to 44% in patients who 
received placebo infusions. 

In the case of autoimmune disease, reducing the activity of IL-l reduces 
inflammation, Similariy, blocking the activity of IL-1 with recombinant receptors can result 
in increased allograft survival in animals, again presumably by decreasing inflammation. 

These diseases provide further examples where alphavirus vectors may be engineered 
to produce a soluble receptor or more specifically the IL-IRa molecule. For example, in 
patients undergoing septic shock, a single injection of IL-IRa producing vector particles 
could replace the current approach requiring a constant infusion of recombinant IL-IR. 

Cytokine responses, or more specifically, incorrect cytokine responses may also be 
involved in the failure to control or resolve infectious diseases. Perhaps the best studied 
example is non-healing forms of leishmaniasis in mice and humans which have strong, but 
counterproductive TH2-dominated responses. Similarly, lepromotomatous leprosy is 
associated with a dominant, but inappropriate Th2 response. In these conditions, 
alphavirus-based gene therapy may be useful for increasing circulating levels of IFN gamma, 
as opposed to the site-directed approach proposed for solid tumor therapy. IFN gamma is 
produced by Th-1 T-cells, and functions as a negative regulator of Th-2 subtype 
proliferation. IFN gamma also antagonizes many of the IL-4 mediated effects on B-cells, 
including isotype switching to IgE. 
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IgE, mast cells and eosinophils are involved in mediating allergic reaction. IL-4 acts 
on differentiating T-cells to stimulate Th-2 development, while inhibiting Th-1 responses. 
ThuSi alphavirus-based gene therapy may also be accomplished in conjunction with 
traditional allergy therapeutics. One possibility is to deliver a]phavirus-IL4R vnih small 
amounts of the offending allergen (i.e., traditional allergy shots). Soluble IL-4R would 
prevent the activity of IL-4, and thus prevent the induction of a strong Th-2 response. 

9. SincinEVECTOK 

One further aspect of the present invention relates to the expression of alphavirus 
suicide vectors to limit the spread of wild-type alphavirus in the packaging/producer cell 
lines. Briefly, within one embodiment the alphavirus suicide vector would be comprised of 
an antisense or ribozyme sequence, specific for the wild-type alphavirus sequence generated 
from an RNA recombination event between the 3' sequences of the junction region of the 
vector, and the 5* alphavirus structural sequences of the packaging cell line expression 
vector. The antisense or ribozyme molecule would only be thermostable in the presence of 
the specific recombination sequence and would not have any other effect in the alphavirus 
packaging/producer cell line. Alternatively, a toxic molecule (such as those disclosed 
below), may also be expressed in the context of a vector that would only express in the 
presence of wild-type alphavirus. 

10- Al.PHA VIRI IS VnCT( )R.S TO PRHVKNT THE SPREAD OF METASTATIC TTJMOTtS 

One further aspect of the present invention relates to the use of alphavirus vectors for 
inhibiting or reducing the invasiveness of malignant neoplasms. Briefly, the extent of 
malignancy typically relates to vascularization of the tumor. One cause for tumor 
vascularization is the production of soluble tumor angiogenesis factors (TAF) 
(Paweletz et a!., OU. Rev. OiKtf/. Hemaiol. P:197, 1989) expressed by some tumors. V^hin 
one aspect of the present invention, tumor vascularization may be slowed by using alphavirus 
vectors to express antisense or ribozyme RNA molecules specific for TAF. Alternatively, 
anti-angiogenesis factors (Moses etal., Sciepwe 2-/«:1408, 1990; Shapiro etal., PNAS 
84:223S, 1987) may be expressed either alone or in combination with the above-described 
ribozymes or antisense sequences in order to slow or inhibit tumor vascularization. 
Alternatively, alphavirus vectors can also be used to express an antibody specific for the TAF 
receptors on surrounding tissues. 

11. ADMINLSTRATION OF ALPi4A VI RUS PARTrCLRS 

Within other aspects of the present invention, methods are provided for administering 
recombinant alphavirus vectors or partides. Briefly, the final mode of viral vector 
administration usually relies on the specific therapeutic application, the best mode of 
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increasing vector potency, and the most convenient route of administration. Generally, this 
embodiment includes recombinant alphavirus vectors which can be designed to be delivered 
by, for example. (1) direct injection into the blood stream; (2) direct injection into a specific 
tissue or tumor; (3) oral administration; (4) nasal inhalation; (S) direct application to mucosal 
tissues; or (6) ex viw administration of transduced autologous cells into the animal. Thus 
the therapeutic alphavirus vector can be administered in such a fashion such that the vector 
can (a) transduce a normal healthy cell and transform the cell into a producer of a therapeutic 
protein or agent which is secreted systemically or locally, (b) transform an abnormal or 
defective cell, transforming the cell into a normal functioning phenotype. (c) transform an 
abnormal cell so that it is destroyed, and/or (d) transduce cells to manipulate the immune 
response. 

I. Modulation of Tr an.^-r iptk )n Factor Acti vrrv 

In yet another embodiment, ^alphavirus vectors may be utilized in order to regulate 
the growth control activity of transcription factors in the infected cell. Briefly, transcription 
factors directly influence the pattern of gene expression through sequence-specific 
irans-actiyMton or repression (Karin, New Biologixl 2/: 126-131, 1990). Thus, it is hot 
surprising that mutated transcription factors represent a family of oncogenes. Alphavirus 
gene transfer therapy can be used, for example, to return control to tumor cells whose 
unregulated growth is activated by oncogenic transcription factors, and proteins which 
promote or inhibit the binding cooperatively in the formation of homo- and heterodimer 
Irai75-activating or repressing transcription factor complexes. 

One method for reversing cell proliferation would be to inhibit the I>%i7?5-activating 
potential of the c-myclMzx heterodimer transcription factor complex. Briefly, the nuclear 
oncogene c-myc is expressed by proliferating cells and can be activated by several distinct 
mechanisms, including retroviral insertion, amplification, and chromosonud translocation. 
The Max protein is expressed in quiescent cells and, independently ofc-myc^ either alone or 
in conjunction with an unidentified factor, functions to repress expression of the same genes 
activated by the myc/Max heterodimer (Cole, Cell tf5:7I5-716, 1991). 

Inhibition of c-/wyc or c-mycfMzx proliferation of tumor cells may be accomplished 
by the overexpression of Max in target cells controlled by alphavirus vectors. The Max 
protein is only 160 amino acids (corresponding to 480 nucleotide RNA length) and is easily 
incorporated into an alphavirus vector either independently, or in combination with other 
genes and/or antisense/ribozyme moieties targeted to factors which release growth control of 
the cell. 

Modulation of homo/hetero-complex association is another approach to control 
transcription factor activated gene expression. For example, transport from the cytoplasm to 
the nucleus of the /iwi.v-activating transcription factor NF-B is prevented while in a 
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heterodimer complex with the inhibitor protein IB. Upon induction by a variety of agents, 
including certain cytokines, IB becomes phosphorylated and NF-B is released and 
transported to the nucleus, where it can exert its sequence-specific l^uw-activating function 
(Baeuerie and Baltimore, Science 2V2:S40-S46, 1988). The dissociation of the NF-B/IB 
5 complex can be prevented by masking with an antibody the phosphorylation site of IB. This 
approach would effectively inhibit the Iram-activation activity of the NF-IB transcription 
factor by preventing its transport to the nucleus. Expression of the IB phosphorylation site 
specific antibody or protein in target cells may be accomplished with an alpha>anis gene 
transfer vector. An approach similar to the one described here could be used to prevent the 
10 formation of the /ra//.v-aciivating transcription heterodimer factor AP-1 (Turner and Tijan, 
Science 2^(5:1689-1694, 1989), by inhibiting the association between the jun and /o5 
proteins. 

J. PHARMACEirri CAI. C( )MI>( )S!T!ONS ; 

IS As noted above, the present invention also provides pharmaceutical compositions 

comprising a recombinant Sindbis particle or virus, or Sindbis vector construct, in 
combination with a pharmaceutically acceptable carrier, diluent, or recipient. 

Briefly, infectious recombinant virus (also referred to above as particles) may be 
preserved either in crude or purified forms. In order to produce virus in a crude form, vinis- 

20 producing cells may first be cultivated in a bioreactor, wherein viral particles are released 
fi-om the cells into the culture media. Virus may then be preserved in crude form by first 
adding a sufficient amount of a formulation buffer to the culture media containing the 
recombinant virus to form an aqueous suspension. Within certain preferred embodiments, 
the formulation buffer is an aqueous solution that contains a saccharide, a high molecular 

25 weight structural additive, and a buffering component in water. The aqueous solution may 
also contain one or more amino acids. 

The recombinant virus can also be preserved in a purified form. More specifically, 
prior to the addition of the formulation buffer, the crude recombinant virus described above 
may be clarified by passing it through a filter and then concentrated, such as by a cross flow 

30 concentrating system (Filtron Technology Corp., Nortborough, MA). Within one 
embodiment, DNase is added to the concentrate to digest exogenous DNA. The digest is 
then diafiltrated in order to remove excess media components and to establish the 
recombinant virus in a more desirable buffered solution. The diafiltrate is then passed over a 
Sephadex S-500 gel column and a purified recombinant virus is eluted. A sufficient amount 

3S of formulation buffer is then added to this eluate in order to reach a de^red final 
concentration of the constituents and to minimally dilute the recombinant virus. The aqueous 
suspension may then be stored, preferably at -TOT, or immediately dried. As above, the 
formulation buffer may be an aqueous solution that contains a saccharide, a high molecular 
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weight stmctural additive, and a bufTering component in water. The aqueous solution may 
also contain one or more amino acids. 

Crude recombinant virus may also be purified by ion exchange column 
chromatography. Briefly, crude recombinant virus may be clarified by first passing it through 
a filter, followed by loading the filtrate onto a column containing a highly sulfonated 
cellulose matrix. The recombinant virus may then be eluted from the column in purified form 
by using a Mgh salt buffer, and the high salt buffer exchanged for a more dearable bufifer by 
passing the eluate over a molecular exclusion column. A sufficient amount of formulation 
buffer is then added, as discussed above, to the purified recombinant virus and the aqueous 
suspension is either dried immediately or stored, preferably at -TO^^C. 

The aqueous suspension in crude or purified form can be dried by lyophilization or 
evaporation at ambient temperature. Briefly, lyophilization involves the steps of cooling the 
aqueous suspension below the glass transition temperature or below the eutectic point 
temperature of the aqueous suspension, and removing water from the cooled suspension by 
sublimation to form a lyophilized virus. Within one embodiment, aliquots of the formulated 
recombinant >arus are placed into an Edwards Refrigerated Chamber (3 shelf RC3S unit) 
attached to a freeze dryer (Supermodulyo 12K). A multistep freeze drying procedure as 
described by Phillips et al. {Cryohiology IRAIA, 1981) is used to lyophilize the formulated 
recombinant virus, preferably from a temperature of -40X to -45X. The resulting 
composition contains less than 10% water by weight of the lyophilized virus. Once 
lyophilized, the recombinant virus is stable and may be stored at -20T to 2S^C, as discussed 
in more detail below. 

Within the evaporative method, water is removed from the aqueous suspension at 
ambient temperature by evaporation. Within one embodiment, water is removed through 
spray*drying (EP 520,748). Within the spray-drying process, the aqueous suspension is 
delivered into a flow of preheated gas, usually air, whereupon water rapidly evaporates from 
droplets of the suspension. Spray*drying apparatus are available from a number of 
manufacturers {e,i^., Drytec, Ltd., Tonbridge, England; Lab-Plant, Ltd., Huddersfield, 
England). Once dehydrated, the recombinant virus is stable and may be stored at -20*'C to 
25**C. Within the methods described herein, the resulting moisture content of the dried or 
lyophilized virus may be determined through use of a Karl-Fischer apparatus (EM Science 
Aquastar* VIB volumetric titrator. Cherry Hill, NJ), or through a gravimetric method. 

The aqueous solutions used for formulation, as previously described, are preferably 
composed of a saccharide, high molecular weight structural additive, a buffering component, 
and water. The solution may also include one or more amino acids. The combination of 
these components act to preserve the activity of the recombinant >arus upon freezing and 
lyophilization or drying through evaporation. Although a preferred saccharide is lactose, 
other saccharides may be used, such as sucrose, mannitol, glucose, trehalose, inositol. 
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fructose, maltose or galactose. Jn addition, combinations of saccharides can be used, for 
example, lactose and mannitol. or sucrose and mannitol. A particularly preferred 
concentration of lactose is 3%-4% by weight. Preferably, the concentration of the saccharide 
ranges from Wo to 12% by weight. 

The high molecular weight structural additive aids in preventing viral aggregation 
during freezing and provides structural support in the lyophilized or dried state. Within the 
context of the present invention, structural additives are considered to be of "high molecular 
weight" if they are greater than 5000 m.w. A preferred high molecular weight structural 
additive is human serum albumin. However, other substances may also be used, sudi as 
hydroxyethyl-cellulose, hydroxymethyl-cellulose. dextran, cellulose, gelatin, or povidone. A 
particularly preferred concentration of human serum albumin is 0.1% by weight. Preferably, 
the concentration of the high molecular weight structural additive ranges from 0.1% to 10% 
by weight. 

The amino/acids. if present, function to further preserve ^dral infectivity upon cooling 
and thawing of the aqueous suspension. In addition, amino acids function to further preserve 
viral infectivity during sublimation of the cooled aqueous suspension and while in the 
lyophilized state. A preferred amino acid is arginine. but other amino adds such as lysine, 
ornithine, serine, glycine, glutamine. asparagine. glutamic acid or aspartic acid can also be 
used. A particularly preferred arginine concentration is 0.1% by weight. Preferably, the 
amino acid concentration ranges from 0. 1% to 10% by weight. 

The buffering component acts to buffer the solution by maintaining a relatively 
constant pH. A variety of buffers may be used, depending on the pH range desired, 
preferably between 7.0 and 7.8. Suitable buffers include phosphate buffer and citrate buffer 
A particulariy preferred pH of the recombinant virus formulation is 7.4. and a preferred 
buffer is tromethamine. 

In addition, it is preferable that the aqueous solution contain a neutral salt which is 
used to adjust the final formulated recombinant alphavirus to an appropriate isoosmotic salt 
concentration. Suitable neutral salts include sodium chloride, potassium chloride or 
magnesium chloride. A preferred salt is sodium chloride. 

Aqueous solutions containing the desired concentration of the components described 
above may be prepared as concentrated stock solutions. 

It will be evident to those skilled in the art. given the disclosure provided herein, that 
it may be preferable to utilize certain saccharides within the aqueous solution when the 
lyophilized virus is intended for storage at room temperature. More specifically, it is 
preferable to utilize disaccharides, such as hictose or trehalose, particulariy for storage at 
room temperature. 

The lyophilized or dehydrated viruses of the subject invention may be reconstituted 
using a variety of substances, but are preferably reconstituted using water. In certain 
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instances, dilute salt solutions which bring the final formulation to isotonicity may also be 
used. In addition, it may be advantageous to use aqueous solutions containing components 
known to enhance the activity of the reconstituted virus. Such components include 
cytokines, such as polycations, such as protamine sulfate, or other components xAidti 
5 enhance the transduction efficiency of the reconstituted virus. Lyophilized or dehydrated 
recombinant ^rus may be reconstituted with any convenient volume of water or the 
reconstituting agents noted above that allow substantial, and preferably total solubilization of 
the lyophilized or dehydrated sample. 

The following examples are offered by way 'of illustration, and not by way of 
10 limitation. 
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EXAMPLES 
EXAMPLE 1 
CLONINf 8 f »F A SlNTMI S GENOMIC LENGTH CDNA 

The nature of viruses having an RNA genome with positive polarity is such that when 
introduced into a eukaryotic cell which serves as a permissive host, the purified genomic 
nucleic acid serves as a functional message RNA (mRNA) molecule. Therefore, this 
genomic RNA, purified from the virus, can initiate the same infection cycle which is 
characteristic of infection by the wild type virus from which the RNA was purified. 

For example, Sindbis virus strain Ar-339 (ATCC #VR-1248, Taylor et al.. Am. J. 
Trap. Med Hyg. -t.iAA 1955; isolated from the mosquito Cvlexus vnMttatus) may be 
propagated on baby hamster kidney (BHK) cells, infected at low multiplicity (0.1 PFU/cdl). 
Alternatively. Sindbis virus strain (Lee Biomolecular. San Di^o, CA) may also be used and 
propagated by the same methods. Sindbis virions can be precipitated fix)m a clarified lysate 
at 48 hours post-infection with 10% (w/v) of polyethylene glycol (PEG-8000) at 0«»C, as 
described previously. Sindbis virions which are contained in the PEG pdlet may be lysed 
with 2% SDS, and the poly-adenylated mRNA isolated by chromatography utilizing 
commercially available oligo dT columns (Invitrogen). 

Two rounds of first strand cDNA synthesis are performed on the polyA selected 
mRNA, using an oligonucleotide primer with the sequence shown below: 

5'- TATATTCTAGA(dT)25-GAAATG-3' (SEQ. ID NO. 3) 

Briefly, this primer contains at its 5* end a five nucleotide •buffer sequence' for efficient 
restriction endonuclease digestion, followed by (he Xha I recognition sequence, 25 
consecutive dT nucleotides and six nucleotides which are precisely complementary to the 
extreme Sindbis 3' end. Thus, selection for first round cDNA synthesis occurs at two levels: 
(1) polyadenylated molecules, a prerequisite for functional mRNA, and (2) selective priming 
fit>m Sindbis mRNA molecules, in a pool containing multiple mRNA species. Further, the 
reverse transcription is performed in the presence of 10 mM MeHgOH to mitigate the 
fiequency of artificial stops during reverse transcription. 

Primary genomic length Sindbis cDNA is then amplified by PCR in sbc distinct 
segments using sue pairs of overiapping primers. Briefly, in addition to viral complementary 
sequences, the Sindbis 5* end forward primer is constructed to contain a 19 nucleotide 
sequence corresponding to the bacterial SP6 RNA polymerase promoter and the Apa I 
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restriction endonuclease recognition sequence linked to its S' end. The bacterial SP6 RNA 
polymerase is poised such that transcription in viiro results in the inclusion of only a single 
non-viral G ribonucleotide linked to the A ribonucleotide* which corresponds to the authentic 
Sindbis 5* end. Inclusion of the Apa I recognition sequence facilitates insertion of the PCR 
S amplicon into the plasmid vector (pKS 11"^, Stratagene) polylinker sequence. A five 
nucleotide *buffer sequence' is also inserted prior to the Apa I recognition sequence in order 
to permit efficient digestion. The sequence of the SP6-S* Sindbis forward primer and all of 
the primer pairs necessary to amplify the entire Sindbis genome are shown below. (Note that 
"nt" and "nts" as utilized hereinafter refers to "nucleotide" and "nucleotides," respectively). 
10 The reference sequence (GenBank accession no. SINCG) is from Strauss et al.. Virology 
yj3:92-I10. 
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Seq. 

Primer Location ID No. 
SP6-1A Apa I/SP6/+ 

SINnts.l-18 4 



Sequence 



Sequence f S'->3i^ 



3)82-3160 

3144-3164 
5905-5885 



4 TATATGGGCCCGATTTAGGTGAC Apa I 
ACTATAGATTGACGGCGTAGTAC 

AC 

5 CTGGCAACCGGTAAGTACGATAC Age I 

6 ATACTAGCCACGGCCGGTATC Age I 

7 TCCTCTTTCGACGTGTCGAGC EcoM 



25 



3A 5844-5864 8 ACCTTGGAGCGCAATGTCCTG EcoKl 

7349R 7349-7328 9 CCTTTTCAGGGGATCCGCCAC Bamm 



7328F 7328-7349 10 GTGGCGGATCCCCTGAAAAGG AiifiHI 

3B 9385-9366 M TGGGCCGTGTGGTCGTCATG Bell 



30 4A 9336-9356 12 TGGGTCTTCAACTCACCGGAC Bell 

10394R 10394-10372 13 CAATTCGACGTACGCCTCACTC ^WI 



10373F 10373-10394 14 GAGTGAGGCGTACGTCGAATTG Bsim 
4B Xba l/dT25/ 



35 



11703-11698 



TATATTCTAGA{dT)25-GAAATG 



Xbal 
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PGR amplification of Sindbis cDNA with the six primer sets shown above is 
performed in separate reactions, using the Thermalase thermostable DNA polymerase 
(Amresco Inc.. Solon, OH) and the buffer containing 1.5 mM MgCl2, provided by the 
supplier. Additionally, the reactions contain 5% DMSO. and the "HOT START WAX" 
beads (Perkin-Elmer). using the following PGR amplification protocol shown below: 



Temperature (T) Time(Min.) No. Cycles 

94 2 1 

94 0 5 

55 0.5 35 

72 3.5 

72 10 10 



FoUowing amplification, the six reaction prodyfts are inserted first into the pCR II vector 
(Invitrogen). then using the appropriate enzymes shown above, are inserted, stepwise, into 
the pKS n+ (Stratagene) vector, between the Apa ImdXhal ntes. This clone is designated 
as pVGSP6GEN. 

The Sindbis genomic cDNA clone pVGSP6GEN is linearized by digestion with Xha 
I, which cuts pVGSP6GEN once, immediately adjacent and downstream of the 25 nucleotide 
long poly dA:dT stretch. The linearized pVGSP6GEN done is purified with 
"GENECLEAN" (BIO 101, La Jolla. CA). and adjusted to a concentration of 0.5 mg/ml. 
Transcription of the linearized pVGSP6GEN clone is performed in vitro at 40'C for 90 
minutes according to the following reaction conditions: 2 ml DNA/4.25 ml H2O; 10 ml 2.5 
mM NTPs (UTP. ATP, GTP, CTP); 1.25 ml 20 mM Me'G(5')ppp(5')G cap analogue; 1.25 
ml 100 niM DTT; 5 ml 5X transcription buffer (Promega); 0 5 ml RNasin (Promega); 0.25 
ml 10 mg/ml bovine serum albumin; and 0.5 ml SP6 RNA polymerase (Promega). The in 
vitro transcription reaction products can be digested with DNase I (Prom^) and purified by 
sequential phenol/CHCl3 and ether extraction, followed by ethanol precipitation, or 
alternatively, can be used directly for transfection. The in vitro transcription reaction 
products or purified RNA are complexed with a commercial cationic lipid compound 
("UPOFECTIN." GIBCO-BRL. Gaithersburg. MD). and applied to Baby Hamster Kidney- 
21 (BHK-21) cells maintained in a 60 mM petri dish at 75% confluency. The transfected 
cells are incubated at SO'C. After 94 hours post-transfection. extensive cytopathologic 
effects (CPE) are observed. No obvious CPE is observed in plates not receiving RNA 
transcribed fiom the Sindbis cDNA clone. Further. I ml of supernatant taken from 
transfected cdls, added to fresh monolayers of BHK-21 cells, and incubated at 30°C or ZTC 
results in obvious CPE within 18 hours. This demonstrates that the Sindbis cDNA clone 
pVGSP6GEN is indeed infectious. 
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Sequence analysis of pVGSP6GEN, shown in Table K reveals multiple sequence 
differences between the Sindbis genomic clone described herein, and the viral clone sequence 
provided in Genbank (GenBank Accession No. SINCG). Many sequence differences result 
in the substitution of non-conservative amino acids changes in the Sindbis protdns. To 
address wMch sequence changes are unique to the clone described herein, or are a result of 
cloning artifact, virion RNA is amplified by RT-PCR as described above, and sequence 
relating to the nucleotides in question is determined by direct sequencing of the RT-PCR 
amplicon product, using a commercially available kit (Promega, Madison WIX and compared 
to the corresponding pVGSP6GEN sequence. The results of this study are given in Table 2. 
Briefly, three non conservative amino acid changes, Gly Glu, Asp Gly, and Tyr Cys, 
which are a result of cloning artifact are observed respectively at viral nucleotides 2245, 
6193, and 6730. These nucleotide changes resulting in non conservative amino acid changes 
all map to the viral non-structural protein (NSP) gene, nt 2245 to NSP 2, and nts 6193 and 
6730toNSP4. 

Repair of the NSP 2 and NSP 4 genes is accomplished by RT-PCR, as described 
above, using virion RNA from a 5 times plaque purified stock. The SP6-1 A/IB primer pair 
described above is used to repair the nt 2245 change. The RT-PCR amplicon product is 
digested with Eco 47III and Bgl II, and the 882 bp fi^agment is purified by 1% agarose/TBE 
gel electrophoresis, and exchanged into the corresponding region of the pVGSP6GEN clone, 
prepared by digestion with Eco 47III and Bgl II, and treatment with CIAP. The 3A/7349R 
primer pair described above is used to repair the nt 6193 and nt 6730 changes. The RT-PCR 
amplicon product is digested with Eco RI and Hpa I, and the 1,050 bp fragment is purified 
by 1% agarose/TBE gel electrophoresis, and exchanged into the corresponding region of the 
pVGSP6GEN clone. This clone is designated pVGSP6GENrep. Transfection of BHK cells 
with in vitro transcribed RNA from pVGSP6GENrep DNA linearized by digestion with Xba 
I, as described above results in extensive CPE 1 8 hours post-transfection. 



SINDBIS Genomic Clone Differences between PVGSP6GEN ANr> GenBank Seqiiektcrs 



Change 



Codon Change 



Location 
in Codon 



amino acid 
change 



Noncodinp Region: 



45 T->C 
Non-stnictural Proteins: 



N.A. 



N.A. 



N.A. 



353 C-^T 
1095 A->C 



UAU-^UAC 
AUA->CUA 



r 



Tyr->Tyr 
Ile->Leu 
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30 . 



1412 


T->C 


UUU->UUC 


3' 


Phe->Phe 


2032 


A-»G 


GAG^GGG 


2* 


Glu^Gly 


224S 


G->A 


GGG-»GAG 


2' 


Gly->Glu 


22S8 


A-*C 


UCA->UCC 


3* 


Ser->Ser 


2873 


A->G 


CAA->CAG 


3* 


Gln->GIn 


2992 


C-»T 


CCC-+CUC 


2* 


Pro->Leu 


3544 


T->C 


GUC->GCC 


2 


Va]->Ala 


3579 


A->G 


AAA->GAA 


r 


Lys-»GIu 


3822 


A->G 


ACC->GCC 


r 


Thr-^Ala 


3851 


T->C 


CUU->CUC 


3' 


Leu->Leu 


5351 


A->T 


CAA->CAU 


3' 


GIn-flCs 


5466 


G-^A 


GGU-+AGU 


r 


Gly-^Ser 




I— >C 


AUU->AUC 


3' 


Ile->Ile 


5543 


Aj-tT 


ACA->ACU 


3* 


Thr— *Thr 


5614 


T^C 


GUA-*GCA 


2* 


Val-^Ala 


6193 


A-»G 


GAC-*GGC 


2* 




6564 


G->A 


GCA-»ACA 


1' 


Ala-^Thr 


6730 


A->G 


UAC->UGC 


2' 


Tyr-^Cys 


Structural Proteins: 








8637 


A->G 


AUU-*GUU 


r 


Ile->Val 


8698 


T->A 


GUA-»GAA 


2' 


Val-^Glu 


9108 


AAGdel 


AAG->del 


l'-3' 


Glu-^del 


9144 


A->G 


AGA-^GGA 


r 


• *•& ^^'J 


9420 


A^ 


AGU->GGU 


r 


Ser-*Gly 


9983 


T->G 


GCU-+GCG 


3* 


Ala->Ala 


10469 


T-^A 


AUU->AUA 


3' 


ne->Ile 


10664 


T->C 


UUU-^UUC 


3' 


Phe-»Phe 


10773 


T-*G 


UCA-K5CA 


r 


Ser->Ala 



TABin 2 

SlNDHIS GENOMIC CLONK ARTIFACT Anai VSIS 

Amino Acid pVGSP6GEN Cloning 

miUL £hanSS Unioue Artifact 

Nonstructural Pmtains- 
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2032 Glu->Gly 

2245 Gly-^GIu 

22S8 Ser->Ser 

5 2873 Gln-^GIn 

2992 Pro->Leu 

3544 Val->Ala 

3579 Lys->Glu 

3822 Thr->Ala 

10 3851 Leu->Leu 

5351 Gln-^His 

5466 Gly->Ser 

5495 Ile-^Ile 

5543 Thr-»Thr 

15 6193 " Asp-^Gly 

6730 Tyr-*Cys 

Stnictural Proteins: 



+ 
+ 



+ 
+ 

+ 
+ 
+ 
+ 
+ 



20 



8637 
8698 
9108 
9144 



Ile->Val 
Val->Glu 
Glu-»del 
Arg->Gly 



+ 
+ 



25 * Mixture: Both Genbank and pVGSP6GEN Sindbis strains present at this nucleotide. 



EMMPl^E? 

30 Generaiion of DNA vncTORs Which Initiate Alphavirifs lNFEcnc»j: 

ElJKARYOTIC LAYERED VECTOR INmATION SYSTEMS 

As noted above, the present invention provides eukaryotic layered vector initiation 
systems which generally comprise a promoter which is capable of iiutiating the 5' synthesis of 
35 RNA from cDNA, a constnict which is capable of autonomous or autocatalytic replication in 
a cell, the construct also being capable of expressing a heterologous nucleic acid sequence, 
and a 3' sequence which controls transcription termination. Within one embodiment, such 
constructs may be constructed of the following ordered elements: a 5' eukaiyotic promoter 
capable of imtiating the synthesis of wal RNA at the authentic alpha^nnis 5' end, a 5' 
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sequence which is capable of initiating transcription of an alphavirus, a nucleotide sequence 
encoding alphavirus non-structural proteins, a viral junction region, a heterologous sequence, 
an alphavirus RNA polymerase recognition sequence, and a 3' transcription termination 
polyadenylation »gnal s^uence. Such alphavirus cDNA expression vectors also 
include intervening sequences (introns), which are spliced from the pre-RNA in the nucleus 
prior to transport to the cytoplasm, and which may improve the overall ^Bdeocy of the 
qrstem, in terms of molecules of functional mRNA transported to the cytoplasm/nudear 
DNA template. The intron splicing signals are located, for example, between Sindbis and 
heterologous gene regions as described in Example 3. 

Construction of a eukaryotic layered vector initiation ^stem utilizing the Sindbis 
clone pVGSP6GENrep and mammalian RNA polymerase II promoters may be accomplished 
essentially as follows. Briefly, plasmid pVGSP6GENrep is digested vrith Bgl U and Xba I, 
and the reaction products are electrophoresed on a 0.8% agarose/TBE gel. The resulting 
9.438 bp firagment is excised, purified with "GENECLEAN" (BIO 101. Vista, GA), and 
ligated into the 4,475 bp vector fragment resulting from treatment of pCDNA3 (Invitrogen, 
San Diego, CA) with Bgl II, Xha I, and CIAP. This construction is designated as 
pcDNASINbgl/xba. 

The U3 region of the long terminal repeat (LTR) from Moloney murine leukemia 
virus (Mo-MLV) is positioned at the 5' viral end such that the first transcribed nucleotide is a 
single G residue, which is capped in vivo, followed by the Sindbis 5' end. Juxtaposition of 
the Mo-MLV LTR and the Sindbis 5' end is accomplished by overiapping PGR as described 
below. Amplification of the Mo-MLV LTR in the first primary PGR reaction is 
accomplished in a reaction containing the BAG vector (Price et al., PNAS (!?-/:156-160, 1987) 
and the following primer pair: 

Fgnvard Prim^: ^/KOfivn?) (buffer semencdHtfl II reengniri o n seguence/Mn-MT V f 

ms 1-22): 

5'-TATATAGATCTAATGAAAGACGCCACCTGTAGG 
(SEQ. ID NO. 15) 

Reverse t)rimer: BAGwt44 1R2 fSTN nts 5-l/Mo-MLV LTR nts 441-406V 

S'-TGAATCCGCGAGTGAGGGGTTGTGGGGTCTTTTATTGAGC 
(SEQ ID NO. 16) 

PGR amplification of the Mo-MLV LTR with the primer pair shown above is 
performed using the Thermalase thermostable DNA polymerase (Amresco Inc., Solon. Ohio) 
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and the buffer containing l.S mM MgCl2, provided by the supplier. Additionally, the 
reaction contains 5% DMSO, and the "HOT START WAX" beads (P^n-Elmer), uang the 
following PCR amplification protocol shown below: 



Temperature CC) Time (Min.) No. Cycles 
94 2 1 
94 0.5 

55 0.5 35 

72 0.5 

72 10 I 



Amplification of the Sindbis 5' end in the second primary PCR reaction is 
accomplished in a reaction contairang the pVGSP6GENrep clone and the following primer 
pair: 

Forward primer: fMo-MLV LTR nts 421-441/SIN nts I-16V 

5'-CCACAACCCCTCACTCGGGGATTGACGGCGTAGTAC 
(SEQ.IDNO. 17) 

Reverse primer: rSTN nts 3 1 82-3 1 60V 

5'-CTGGCAACCGGTAAGTACGATAC 
(SEQ.IDNO. 18) 

PCR amplification of the Mo-MLV LTR is accomplished with the primer pair and 
amplification reaction conditions described above, utiliang the PCR amplification protocol 
shown below: 



Temperature ("C) Time (Min.) No. Cycles 
94 2 1 
94 0.5 

55 0.5 35 

72 3.0 

72 10 1 
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The 457 bp and 3202 bp products from the primary PCR reactions are purified with 
"GENECLEAN." and used together in a PCR reaction with the following primer pair: 

Forward primer: BAG^g/2FI f buffer seouence/^«y/ II recognition seauenceA^o-Mi y I jn 

5'-TATATAGATCTAATGAAAGACCCCACCTGTAGG 
(SEQ. ID NO. 15) 

Reverse prim er: (SIN nt.s 2300-2278V 

5'-GGTAACAAGATCTCGTGCCGTG 
(SEQ. ID NO. 19) 

PCR amplification of the primer PCR amplicon products is accomplished utilizing the 
primer pair and amplification reaction conditions shown above, and u«ng the fbUowing PCR 
amplification protocol: 



Temperature ("Q Time (Min.) No. Cycles 
94 2 1 
94 0.5 

55 0.5 35 

72 3.0 

72 10 1 



The 25 3' terminal bases of the first primary PCR amplicon product overiaps with the 
25 5* terminal bases of the second primary PCR amplicon produa; the resultant 2.752 bp 
overiapping secondary PCR amplicon product is purified by 0.8% agarose/TBE 
electrophoresis, digested with Bg/ 11, and the 2.734 bp product is ligated into 
pcDNASINbgl/xba treated with Bgl II and CIAP. The resulting construction is 16,656 bps 
and is designated pVGELVIS. The sequence of pVGELVIS is given in Figure 3 (SEQ. ID 
NO. I). Sindbis nucleotides are contained within bases I-l 1,700 of the sequence. 

pVGELVIS plasmid DNA is complexed vAth LIPOFECTAMINE (GIBCO-BRL, 
Gaithersburg, ^fD) according to the conditions suggested by the supplier (ca. 5 ng DNA/8 n 
g lipid reagent) and added to 35 mm wells containing BHK-21 cells at approximately 75% 
confluency. Cytopathic effects (CPE), characteristic of wild type Sindbis virus infection are 
observed within 48 hours post-infection. Addition of 1 ml of transfection supernatant to 
fi^ BHK-21 monolayers results in CPE within 16 hrs. This data demonstrates the correct 



WO9d/17072 PCTAJS9S/15490 

-68- 



juxtaposition of viral cDNA and RNA polymerase II expression cassette signals in the 
pVGELVIS construct* resulting in the denovo initiation of an RNA ^a^us from a DNA 
expression module. 

In order to determine the relative efficiency of the pVGELVIS plasmid DNA to 
S initiate infection characteristic of wild type Sindbis vims after transfection into BHK ceils, an 
infectious centers assay is performed. Briefly, 5 ^g of pVGELVIS plasmid DNA is 
transfected onto BHK cells in 35 mm wells as described above, and at l.S hours post 
transfection the cells are trypsinized and serially diluted 10,000-fold, over 10-fold 
increments, into 5 x lO-"^ untreated BHK cells. This transfected and untreated BHK cell 
10 mixture is then added to 35 mm wells. The cells are allowed to attach to the plate, and 
subsequently overiayed with media containing 1.0% Noble Agar. At 48 hrs post 
transfection, plaques due to cell lysis (as a result of Sindbis virus replication) may be 
visualized either directly or after overiaying with a second layer containing Neutral Red 
Stain. This experiment reveals that the efTiciency of the pVGELVIS plasmid in generating 
15 wild type Sindbis virus after transfection onto BHK cells is approximately 1 x 10^ PFU/ mg 
of plasmid DNA. 



20 



30 



35 



EXAMPLE 3 

PRFJ'AR ATU )N ( )F RNA ANT) DNA ALPHAVIRI )S VECTORS 



A. CONSTRl ICTK )N OF 11 IH SfNOniS BASIC VECTOR 

A first step in the construction of the Sindbis Basic Vector is the generation of two 
2S plasmid subclones containing separate elements from the viral 5' and 3' ends. These elements 
may then be utilized in order to subsequently assemble a basic gene transfer vector. 

Briefly, the first plasmid subclone is constructed to contain the 40 terminal 
nucleotides of the viral 3' end and a 25 base pair stretch of consecutive dA:dT nucleotides. 
In particular, the following oligonucleotide pairs are first synthesized: 



Forward Primer: SIN 1 1 664F: (buffer sequence/Not I site/ SIN nts 1 1 664-11 698V. 

5'-TATATGCGGCCGCTTTCTTTTATTAATCAACAAAATTTTGTTTTTAA 
(SEQ.IDNO.20) 

Reverse Primer: SlNSacl 170QR fbuffer seouence/.Slgc I site dT2S/SIN nts 1 1700-1 1692V 



5'^TATATGAGCTC I II 1 1 1 1 1 11 1 1 1 1 1 1 ill i Ul ' ll GAAATGTTAAAA 



wo 96/17072 



(SEQ.IDNO, 21) 

The above oligonucleotides are then mixed together at equal njolar concentrations in 
the presence of 10 mM MgCb. heated to 100"C for 5 minutes and cooled slowly to room 
temperature. The partially double-stranded molecule is then filled in usmg Klenow DNA 
polymerase and 50 uM dNTPs. The resultant 89 bp molecule is then digested with Not I and 
Sac I. purified on a 2% NuSieve/1% agarose gd, and ligated into pKS 11+ plasmid 
(Stratagene, La JoHa» CA), prepared by digestion with ^o/ 1 and 5bc I and treatmem with 
CIAP. at a 10:1 iholar access of insert:vector ratio. This construction is designated 
pKSID'SIN. 

The second plasmid subclone is constructed to contain the first 5* 7,643 nucleotides 
of Sindbis, and a bacteriophage RNA polymerase promoter is positioned at the viral 5' end 
such that only a single non-viral nucleotide is added to the authentic viral 5* end after in vitro 
transcription. Briefly, ihe 3* end of this clone is derived by a standard three temperature PCR 
amplification with a reverse primer having the sequence shown below. 

Reverse Primer: Sn4Xhfjl642K ^buffer s enuence/JI^ I isite/STN nfs IM'X.Jt ^ ^] )- 

5'TATATCTCGAGGGTGGTGTTGTAGTATTAGTCAG 
(SEQ. ID NO. 22) 

The reverse primer maps to viral nucleotides 7643-7621 and is 41 bp downstream 
fix)m the junction core element 3' end. Additionally, viral nucleotide 7643 is 4 nucleotides 
upstream from the structural protein gene translation initiation codon. The first five 5' 
nucleotides in this primer are included to serve as a 'buflFer sequence' for the efficient 
digestion of the PCR amplicon products, and are followed by 6 nucleotides comprising tiie 
Xho I recognition sequence. 

The forward primer in this reaction is primer 2A (described in Example 1), having the 
following sequence: 

ATACTAGCCACGGCCGGTATC (SEQ. ID NO. 6) 

The 4510 bp amplicon product, resulting fi-om the PCR amplification shown above 
witf> pVGSP6GENrep plasmid (described in Example I) as template, is digested with the 
enzymes ^ I and -Ww> I. The resultant 2526 bp firagment is gel purified. Sindbis cDNA 
clone pVGSP6G£Nrep is also digested with Apa I and Sfi l, and the resultant 5144 bp 
fragment which includes the SP6 RNA polymerase promoter at its 5* end is gel purified. The 
5144 bp fragment is ligated together with the 2526 bp fivgment from above, along witii Apa 
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I and the Xho I digested CIAP treated pKS 11+ plasmid. A clone is isolated having the 
Sindbis nucleotides 1 - 7643 including the RNA polymerase promoter at its 5' end contained 
in the pKSII+ plasmid vector. This construction is designated pKSII5*SIN. 

Assembly of the complete basic vector is accomplished by digesting pKSII5*SIN with 
Xho I and Sac I, treating with CIAP, and gel purifying of a large 10,533 bp fragment. The 
10,533 bp fragment is then ligated together with a 168 bp small fragment resulting from 
digestion of pKSII3*SIN with Xho I and Sac I. This resultant construction is designated 
pKSSINBV (see Figure 4). 

B. CONSTRI TCTION OF STNDRIS LUCIFER ASE VECTOR 

The firefly luciferase reporter gene is inserted into the Sindbis Basic Veaor in order 
to demonstrate the expression of a* heterologous gene in cells transfected with RNA that is 
transcribed m vitro from the Sindbis vector clone, and to demonstrate the overall 
functionality of the Sindbis basic vector. 

Construction of the Sindbis luciferase vector is performed by assembling together 
components of 3 independent plasmids: pKSII5*SnM« pKSII3*SIN, and pGL2*basic vector. 
The pGL2-basic vector plasmid (Promega, Madison, WI) contains the entire firefly luciferase 
gene. Briefly, the luciferase gene is first inserted into the pKSII3'SIN plasmid. This is 
accomplished by digesting pGL2 with Bam HI and HmA III, and gel purifying a 2689 bp 
containing fragment. This fragment is ligated with a gel purified 3008 bp large fragment 
resulting from digestion of pKSIKl'SIN with Ham HI and Hind III and treatment with CIAP. 
The resultant construction is designated pKSI13'SIN-luc. 

Final assembly of a Sindbis luciferase vector is accomplished by digesting pKSIIS'SIN 
with Xho I and Sac I, treating with CIAP, and gel purifying the large 10,533 bp fragment. 
The pKS 5'SIN 10,533 bp fhigment is ligated together with the 2854 bp small fragment 
resulting from digestion of pKSII3*SIN-luc with Xho I and Sac I. This construction contains 
the entire Sindbis nonstructural gene coding region and 3' viral elements necessary for 
genome replication, as well as the firefly luciferase gene positioned between these two viral 
5* and 3* elements. This vector is designated pKSSINBV-luc, and is shown schematically in 
Figure 4. 

C. Expression of li jciferase in transfected and iMFPf tph rhk tct t jr 

In order to test the functionality of the Sindbis Basic Vector, the mpression of 
luciferase in cells transfected with RNA transcribed m vitro from Sac I-linearized 
pKSSINBV*luc, as described in Example I, is tested. 

In addition, a complementary packaging vector, which is delved of most of the non 
structural gene region, is constructed by digestion of pVGSP6GENrep with Bsp EI and re-^ 
ligation under dilute conditions. This construction, designated pVGSP6GENdlfi7, is 
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ddeted of nonstructural gene sequences between bases 422-7.054, and is shown 
schematically in Figure 5. Transcription in vitro ofXba I-linearized pVGSP6GENdl5jp is as 
described in Example 1 . Transfections and co-transfections are performed by complexing in 
vitro transcription products with LIPOFECTIN (Gibco-BRL. Gaitheisburg. MD) and 
applying to BHK cells. The expression of luciferase in transfected cells is tested 18 hours 
after transfection. Additionally, 1 ml of the transfection supernatant is used to infect a 
confluent monolayer of BHK cells and the expresaon of luciferase is tested at 24 hours post- 
infection. 

The results of this experiment shown in Figure 6, demonstrate dearly abundant 
reporter gene expression follows transfection of BHK cells with in vitro transcribed RNA 
from pKSSINBV-luc, and transfer {e.g., packaging) of the expression activity when cells are 
co-transfected with in vitro transcribed RNA from pVGSP6GENdlA377. 

Construction of Ai TCBr r) JuNcnoN RnciiON Sindri.s VKfrmps 

In order to inactivate the Sindbis viral junction rqjion. nucleotides within the NSP4 

carboxy terminus and junction r^ion overlap are changed, and the vector nucleotides 

corresponding to Sindbis are terminated prior to the subgenomic initiation point at Smdbis nt 

7598. This construction Is shown schematically in Figure 7. 

Briefly, a fragment is PCR amplified fi-om the pKSSINBV clone under nonstringent 

reaction cycle conditions utilizing a reverse primer having the following sequence: 

TATATGGGCCCnTAAGACCAICGfiAG£GATGCTTTATTTCCCC 
(SEQ. ID NO. 23) 

The underlined bases in the reverse primer relate to nucleotide changes which can be made in 
the junction region without affecting the coded amino acid (see below). All of the nucleotide 
changes are transversions. 

3' end of NSP 4 (viral nts 7580-7597): 

TCT CTA CGG TGG TCC TAA (SEQ. ID NO. 24) 

ser leu arg trp ser stop (SEQ. ID NO. 25) 

G C A T 
(resulting nt changes from reverse primer) 

The reverse primer is complementaiy to Sindbis nts 7597-7566 (except at nucleotides, as 
shown, where junction region changes were made), and includes at its 5' end the 6 nucleotide 
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Apa I recognition sequence following a 5* terminal TATAT tail 'buffer sequence' for efficient 
enzyme digestion. 

The forward primer in this reaction is primer 2 A (described in Example 1), having the 
5 following sequence: 



10 using the primer pair described above is digested with Sfi I and Apa I and the gel purified 
2,480 bp fragment is ligated together with the gel purified 5 J 42 bp fragment resulting from 
the digestion of pKSSINBV with Aixi I and Sfi I, and with the gel purified 2,961 bp fragment 
resulting from the digestion of pKSII+ with Apa I and from the treatment with CIAP. This 
construction, comprised of Sindbis nucleotides I - 7S97, including the changesfjn the 

15 junction region described above, and including the bacterial SP6 promoter attached to 
Sindbis nt 1 is referred to as pKSS'SINdlJR. 

Final construction of the inactivated junction region vector is accomplished by 
ligation of the 7,622 bp large Sindbis fragment resulting from digestion of pKSS'SINdlJR 
with Apa I, with the 3,038 bp fi-agment resulting from digestion of pKSID'SIN with Apa I 

20 and treatment with CIAP. The positive orientation of the S' Sindbis element, relative to the 
3' Sindbis element, is confirmed by restriction endonuclease analysis. This construction is 
referred to as pKSSINB VdlJR. 

Initiation and synthesis of subgenomic mRNA cannot occur from the 
pKSSINBVdUR vector. In order to prove this supposition, comparative RNase protection 

25 assays u»ng the pKSSINBV and pKSSINBVdIJR vectors are performed. Briefly, a ^^P-end 
labeled RNA probe complementary in part to the junction region, including the subgenonuc 
RNA initiation point at viral nt 7,598 is used to hybridize with the viral RNA resulting from 
the transfection of BHK-21 cells with the pKSSINBV and pKSSINB VdlJR vectors. The 
RNase protection assay demonstrates that cells transfected with pKSSINBV have two 

30 fragments, of genomic and subgenomic specificity, while cells transfected with 
pKSSINB VdlJR have only a single fragment of genomic specificity. These results prove that 
the junction region in the pKSSINBVdIJR vector is indeed inactivated. 

In order to test translation of genomic RNA from the region corresponding to the 
subgenomic RNA message, the luciferase reporter gene is inserted into the inactivated 

35 junction region vector pKSSINBVdIJR described above. This construction is accomplished 
by digesting the pKSSINBVdIJR with Xho I and Sac I, treating with CIAP, and gel purif^ng 
the resulting 10, 197 bp fragment. The pKSSINBVdIJR fragment is ligated together with the 
2854 bp small fragment resulting from digestion of pKSII3'SIN-luc with Ato I and Sac I. 



ATACTAGCCACGGCCGGTATC (SEQ. ID NO. 6) 



The 4,464 bp amplicon resulting from a PCR reaction with pKSSINBV template and 
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This construction contains the entire Sindbis nonstructural gene coding region terminating in 
an inactivated junction region at Sindbis nt 7597, and 3' viral elements necessary for genome 
replication; the firefly iuciferase gene is placed between these two viral 5* and 3* elements. 
This vector is known as pKSSINB VdUR-luc. 
5 The expression of the reporter gene from the pKSSINB VdlJR-luc vector is tested in 

transfected BHK-21 cells. Translation of functional Iuciferase protein is determined by the 
luciferin luminescent assay, using a lununometer for detection. The sensitivity in this assay is 
1 X 10-20 moles of Iuciferase. Given that the molecular wdght of Iuciferase is 62,000 
daltons, this limit of detection transforms to 6,020 molecules. Thus, in a typical experiment 

10 if only 0.6% of the 1 x 10^ cells contained in a 60 mM petri dish are transfected with the 
pKSSINBVdIJR-luc vector, and if these transfected cells express only a single functional 
molecule of Iuciferase, the enzymatic activity is detected by the assay used. It is important to 
demonstrate in this experiment that the junction region of the pKSSINB VdlJR-luc vector is 
inactivated. This is accomplished by an RNase protection assay, comparing the viral RNA's 

15 synthesized in cells transfected with the pKSSINBVdlJR-luc and the pKSSJNBV-luc 
vectors, using the probe described above. 

The minimal - 1 9->+5 junction region core oligonucleotide pair, comprised of Sindbis 
nts 7579-7602, is synthesized //; v//ra, and flanked with Apa I md Xho I recognition 
sequences as shown: 

20 

oligonucleotide 1: 

CATCTCTACGGTGGTCCTAAATAGTC (SEQ. ID NO. 26) 
25 Oligonucleotide 2: 

TCGAGACTATTTAGGACCACCGTAGAGATGGGCC 
(SEQ. ID NO. 27) 

30 The oligonucleotides above are mixed together in the presence of 10 mM Mg2+ heated to 
lOO^C for 5 minutes and cooled slowly to room temperature. The annealed oligonucleotides 
are ligated at a 25:1 molar ratio of insert to the pKSSINBVdUR vector, prepared 
accordingly: complete digestion with JOfo I, followed by digestion with Apa I under partial 
conditions, resulting in one A/Hi I induced cleavage per molecule (of two cleavages possible), 

35 gel purification of the 10,655 bp firagment, and treatment with CIAP. This vector containing 
the entire nonstructural protein coding region which terminates in an inactivated junction 
region core, attached to a synthetic junction region core and followed by 3* viral elements 
required for replication, and contained in the pKSII+ plasmid, is known pKSSINdlJRqrc. 
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In order to regulate the level of subgenomic mRNA synthesis, farther modifications 
of the tandemly inserted synthetic junction region core in plasmid pKSSINdlJRsjrc are 
performed. These modifications of the junction region core may be accomplished by at least 
two approaches: nucleotide changes within the junction region core; or extension at the 5' 
and 3' junction region core termini of flanking Sindbis nucleotides, according to the authentic 
viral sequence. The minimal junction region core, spanning viral nts 7579 - 7602 is shown 
bdow: 

5* ATCTCTACGGTGGTCCTAAATAGT (SEQ. ID NO. 2) 

By comparing genomic sequence between eight alphaviruses, it has been shown 
previously that there is sequence diversity within the junction region core. Shown below, for 
particular junction region locations, is the Sindbis nucleotide followed by the corresponding 
: nucleotide found in other alphaviruses: 



Nucleotide 




Permissive 


Number 


Sindbis 


ChanKe 


7579 


A 




7580 


U 


c 


7581 


c 


u 


7583 


c 


G 


7589 


u 


C 


7590 


G 


U 


7591 


G 


A 


7592 


U 


A 


7600 


A 


UorG 


7602 


U 


GorA 



Junction region changes at Sindbis nts 7579. 7580, 7581. 7583, 7589. 7590. 7591, 
7592, result in potential amino acid coding changes within all 5 codons of the carbo?^ 
terminus of NSP 4 which overlap in the junction region. These changes observed in the 
junction region between alphaviruses at the level of NSP 4 coding potential and at the level 
of junction region cis activity may represent either, or both, permissive changes in NSP 4 and 
the junction region which do not affect fanctionality, or on the other hand, simply different 
viruses. In any event, the junction region changes presented herein regard the tandemly 
inserted junction region core, from which no NSP protein synthesis occurs. Discussed 
above, translation of the entire NSP region occurs fi-om the pKSSINBVdlJR constnict. 
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Junction region changes at Sindbis nts 7600 and 7602 are downstream of the NSP 4 
termination codon and upstream of the structural proteins initiation codon. 

Locations of nucleotide differences within the junction region core observed between 
the several alphavirus strains are referred to here as permissive changes. Locations of 
5 nucleotides within the junction region core corresponding to conserved sequences between 
the several alphavirus strains are referred to here as nonpermissive changes. 

To decrease the level of subgenomic mRNA initiation from the synthetic junction 
re^on core, changes are made separately within nucleotides corresponding to permissive 
changes, and within nucleotides corresponding to nonpermissive changes. Junction region 
•10 nucleotides corresponding to permissive changes are given in the table above. Fourteen 
junction region nucleotides for which no changes are observed among the eight alphaviruses 
sequenced (Semliki Forest vims, Middleburg vims, Ross River vims, OT^Iyong Nyong vims. 
Eastern Equine Encephalitis vims^ Western Equine Encephalitis vims, and Venezuelan 
Equine Encephalitis vims) are given below: ^ ? 

IS 

Nucleotide Number: 

7582 
7584 
7585 
7586 
7587 
7588 
7593 
7594 
7595 
7596 
7597 
7598 
7599 
7601 

Changes within the junction region observed among alphavimses may reflect a 
specific interaction between a given alphaviral RNA polymerase and its cognate junction 
region. Thus, changes among the '•permissive" nucleotides may result in as marked a 
20 decrease in the subgenomic mRNA synthesis levels as changes among the "nonpermissive" 
nucleotides of the junction region. On the other hand, these may indeed be sites of 
permissive change within the junction region core. 
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The single authentic nonpermissive change within the junction region core is likely 
Sindbis nt 7S98, corresponding to the subgenomic mRNA initiation point. Changes of this 
nucleotide in the tandemly inserted junction region core of plasmid pKSSINdURsjrc are not 
described here. 

Substitution of the permissive nucleotides in toto in the synthetic nunimal -19->+S 
junction region core, is accomplished with the following oligonucleotide pair, synthesized in 
viiro^ and flanked with Apa I and Xho I recognition sequences as shown: 

oligonucleotide 1: 

CCCTTGTACGGCTAACCTAAAGGAC (SEQ, ID NO. 28) 

oligonucleotide 2: 

, TCGAGTCCTTTAGGTTAGCCGTACAAGGGGGCC (SEQ. ID NO. 29) 

The oligonucleotides above are mixed together in the presence of 10 mM Mg, heated to 100 
**C for 5 minutes and cooled slowly to room temperature. The annealed oligonucleotides are 
ligated at a 25:1 molar ratio of insert to the pKSSINBVdIJR vector, prepared accordingly: 
complete digestion with Xho I, followed by digestion with Apa I under partial conditions, 
resulting in one Apa I induced cleavage per molecule (of two cleavages possible), gel 
purification of the 10,655 bp fragment, and treatment with CIAP. This vector is known as 
pKSSINdlJRsjrPc. 

Each of the 13 (nt 7598 not changed) nonpermissive nucleotides in the junction 
region core are changed individually, using the following rules, resulting in the most drastic 
transversional substitution: 

A^C 
T-»G 
G-^T 
C-^A 

For example, nt 7582 is changed from T -> G, using the following oligonucleotide 
pair, synthesized in viirtK and flanked with Apa I and Xho I recognition sequences as shown: 

oligonucleotide 1: 



CATCGCT ACGGTGGTCCTAAATAGTC (SEQ. ID NO. 30) 
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oligonucleotide 2: 

TCGAGACTATTTAGGACCACCGTAGCGATGGGCC 
(SEQ.IDN0.31) 

(Nucleotides effecting transversion In nonpennissive junction region ates shown in 
boldface type) 

The oligonucleotides above are mixed together in the presence of 10 mM Mg2+, 
heated to 100°C for 5 minutes and cooled slowly to room temperature. The annealed 
oligonucleotides are ligated at a 25:1 molar ratio of insert to the pKSSINBVdUR vector, 
prq>ared accordingly: complete digestion with Xho I, followed by digestion with Apa I 
under partial conditions, resulting in one Apa I induced cleavage per molecule (of twi) 
cleavages possible), gel purification of the 10,655 bp fragment, and treatment with CIAP. 
This vector.is known pKSSINdlJRsjrNP7582. 

Using the transversion change rules shown above, changes in each of the 12 
remaining nonpermissive sites in the junction region core are made with 12 separate 
oligonucleotide pairs, flanked with Apa I and ATw I recognition sites, as described above. 
These vectors are known as: 

pKSSINdlJRsjrNP7584 
pKSSINdlJRsJrNP7585 
pKSSINdlJRsjrNP7586 
pKSSINdlJRsjrNP7587 
pKSSINdlJRs9rNP7588 
pKSSINdlJRsjrNP7593 
pKSSINdlJRsjrNP7594 
pKSSINdlJRsjrNP7595 
pKSSINdIJRsjrNP7596 
pKSSINdlJRsjrNP7597 
pKSSINdlJRsjrNP7599 
pKSSINdlJRsjrNP7601 

In order to test the relative levels of subgenomic mRNA synthesis, the ludferase 
reporter gene is inserted into the modified tandem junction region veaors. This construction 
is accomplished by digesting with Xho 1 and Sac I and treating with CIAP the tandemly 
inserted synthetic junction region core vectors and gel purifying the resulting approximate 
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10,200 bp fragment. The treated vector fragment is then ligated together with the 2854 bp 
small fragment resulting from digestion of pKSIIS'SIN-luc.with Xho 1 and Sac I. These 
constructions contain the entire Sindbis nonstructural gene coding region terminating in an 
inactivated junction region at Sindbis nt 7S97, the tandemly inserted synthetic junction region 
core (modified or unmodified), the firefly luciferase gene, and 3' viral elements necessary for 
genome replication. The names of these vectors follows: 



Sindbis-luciferase vector 



Tandemly Inserted 
Junction Region 
Modification 



pKSSINdlJRsjrc-luc 

pKSSINdlJRsjrPc-luc 

pKSSINdlJRsjrNP7582-luc 

pKSSINdIJRsjrNP7584.1uc 

pKSSINdlJRsjrNP758S-luc 

pKSSINdlJRsjrNP7S86-luc 

pKSSlNdlJRsjrNP7587-luc 

pKSSINdlJRsjrNP7S88-Iuc 

pKSSINdIJRsjrNP7593-luc 

pKSSINdIJRsJrNP7594-luc 

pKSSINdlJRsjrNP7595-luc 

pKSSrNdIJRsjrNP7596-luc 

pKSSINdlJRsjrNP7597-luc 

pKSSrNdlJRsjrNP7599.luc 

pKSSINdlJRsjrNP760 1 -luc 



not modified 
permissive changes 
nonpermissive change 



Assuming that the translation efficiencies are equivalent in all of the luciferase vectors 
shown immediately above, the relative levels of subgenomic qmthesis are determined by 
comparing the levels of luciferase production at 16 hours post-transfection of BHK-21 cells. 
The relative levels of subgenomic transcription are determined by comparing luciferase 
production by the vectors pKSSINBV-luc and pKSSINdlJRsjrc-luc with all of the modified 
junction region luciferase vectors shown above. 

Vectors containing the tandemly inserted synthetic junction region core 
(pKSSINdlJRsjrc, and derivatives thereoO should have a lower level of subgenomic mRNA 
expression, relative to the pKSSINBV construct. Therefore, in certain embodiments, it may 
be necessary to increase the level of subgenomic mRNA expression observed from the 
pKSSINdlJRsjrc vector. This may be accomplished by extension at the S' and 3* synthetic 
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junction region core termini with 1 1 additional flanking Sindbis nucleotides, according to the 
authentic viral sequence. 

The synthetic oligonucleotide pair shown below is synthesized w vitro^ and contains 
46 Sindbis nts. including all 24 nts (shown in bold&ce type) of the minimal junction region 
core. The Sindbis nts are flanked with the Apa I and Xho I recognition sequences as shown: 

oligonucleotide I: 

CGGAAATAAAGCATCTCTACGGTGGTCCTAAATAGTCAGCATAGT 
ACC (SEQ. ID NO. 32) 

oligonucleotide 2: 

TCGAGGTACTATGCTGACTATTTAGGACCACCGTAGAGATGCTTTA 
TTTC-CGGGCC (SEQ. ID NO. 33) 

The oligonucleotides above are mixed together in the presence of 10 mM Mg. heated to 100 
"C for 5 minutes and cooled slowly to room temperature. The annealed oligonucleotides are 
ligated at a 25:1 molar ratio of insert to the pKSSINBVdJR vector, prepared accordingly: 
complete digestion with Xho I, followed by digestion with Apa I under partial conditions, 
resulting in one Apa I induced cleavage per molecule (of two cleavages possible), gel 
purification of the 10.655 bp fragment, and treatment with CIAP. This vector containing the 
entire nonstructural protein coding region which terminates in an inactivated junction region 
core, attached to an extended synthetic junction region, and followed by 3* viral elements 
required for replication, and contained in the pKSIR plasmid. is known pKSSINdlJRsexjr. 

In order to test the relative levels of subgenomic mRNA synthesis, the luciferase 
reporter gene is inserted into the extended tandem junction region pKSSINdlJRsexjr vector. 
This construction is accomplished by digesting the pKSSINdlJRsexjr plasmid with A7k> I and 
Sac I, treating with CIAP, and gel purifying the resuking approximate 10^00 bp fi^gment. 
The thus-treated vector fragment is ligated together vnth the 2854 bp small fragment 
resulting from digestion of pKSI13'SIN-luc with Xho I and Sac I. This construction contains 
the entire Sindbis nonstructural gene coding region terminating in an inactivated junction 
region at Sindbis nt 7597, the tandemly inserted extended synthetic junction region, the 
firdly luciferase gene, and 3' viral elements necessary for genome replication. The name of 
this vector is pKSSINdlJRsexjr-luc. 

The relative levels of subgenomic transcription are determined by comparing 
luciferase production by the pKSSINdURsexjr-luc vector with the pKSSINBV-luc and 
pKSSINdtJRqrc-luc vectors. 
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Constructio n of plasmid D NA Alphavirhs Expression Vectors 
The SIN BV and SIN-BV-luciferase constructs described in sections A and B of 
Example 3, above, are inserted into the pVGELVIS vector configurations described in 
S Example 2 such that mpression of the heterologous gene from Sindbis vectors occurs after 
direct introduction of the plasmid DNA into cells. As described in Example 2, the ability to 
transfect alphavirus-based vector plasmid DNA directly onto cells resulting in expression 
levels of heterologous genes typical of transfection of RNA-based alpha^nrus vectors, 
without a primary step consisting of /// v/'/ro transcription of linearized template vector DNA, 

10 enhances greatly the utility and efTiciency of certain embodiments of the alphavirus-based 
expression vector system. Figure 8 is a schematic representation of one mechanism of 
expression of heterologous genes from a plasmid DNA alphavirus expression (ELVIS) 
vectors. Primary transcription in the nucleus and transport of the vector RNA to the 
cytoplasm leads to the synthesis of alphavirus nonstructural proteins which catalyze the 

IS expansion of heterologous gene mRNA via an antigenome intermediate which in turn serves 
as the template for production of genomic and subgenomic mRNA. The ELVIS vectors may 
be introduced into the target cells directly by physical means as a DNA .molecule, as a 
complex with various liposome formulations, or as a DNA ligand complex including the 
alphavirus DNA vector molecule, a polycation compound such as polylysine, a receptor 

20 specific ligand. and, optionally, a psoralen inactivated virus such as Sendai or Adenovirus. 

The first step of constructing one representative plasmid DNA Sindbis expression 
vector consists of digesting pKSSINBV with Sac L blunting with T4 polymerase, digesting 
with Sfi 1, isolating the 2,689 bp fragment, and ligating into the pVGELVIS 10,053 bp 
vector fragment prepared by digestion ^th Xhah blunting with T4 polymerase, digesting 

2S with SJi I, treatment with CIAP, and \% agarose/TBE gel electrophoresis. This construction 
is known as pVGELVIS-SINBV. 

In order to insert the luciferase gene into the pVGELVIS-SINBV vector, the SV40 
intron and transcription termination sequences at the 3' end of luciferase must be removed so 
that when the pre-RNA, transcribed from the plasmid DNA luciferase vector after 

30 transfection into cells, is processed the 3* end of the reporter gene is not separated from the 
Sindbis vector 3* end. The Sindbis 5* and 3* ends contained within the pVGELVIS-SINBV 
vector are required in c7.v for the aulocatalytic replication activity of the vector. The Sindbis 
vector 3' end is required for initiation of synthesis of the antigenomic strand, which is the 
template for the subgenomic RNA encoding the heterologous or reporter protein. 

3S The SV40 RNA processing signals positioned at the 3' end of the ludferase gene are 

removed from the SIN-BV-luc construction described in section B above. The modified 
luciferase fragment is then placed in the pVGELVlS-SINBV construction described above 
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via unique restriction sites. The alteration of the luciferase gene is accomplished with the 
primer pair shown below: 

Fonvard primer 7328F fSIN nts 7328-714Q> 

5*-GT0GCGGATCCCCTGAAAAGG (SEQ. ID NO. 10) 

Reverse primer LucStop (buffer segu enceWo/ I. Xha I recognition gequentais/DGL-2 nts 
1725-1 703V 

5'-TATATGCGGCCGCTCTAGATTAGAATTTGGACTTTCCGCCC (SEQ. ID 

NO. 34) 

The primers shown above are used in a PGR reaction with a three temperature 
Qding program using a 3 minute extension period. The amplification products are purified 
with GENECLEAN (Bio 1 0 1 . Vista, C A), digested with A%o I and J»a I, purified again with 
GENECLEAN, and the 2,037 bp fingment is ligated into the 13,799 bp fragment of 
pVGELVIS-SINBV resulting from digestion with Xho I and Xba I, and treatment with 
CIAP. This construction is known as pVGELVIS-SINBV-luc (abbreviated as ELVIS-luc). 

The expression of luciferase in BHK cells transfected with pVGELVIS-SINBV- 
luc DNA is measured in order to demonstrate that the Sindbis physical gene transfer vector is 
fimctional. Briefly, 5 ng of pVGELVIS-SINBV-luc DNA or 5 ng of in vitro transcribed 
RNA fi-om linearized SINBV-luc template as described in section B. above, are complexed 
with 10 \i\ of lipofectamine or lipofectin (GIBCO-BRL, Gaithersburg, MD). respectively, 
and transfected into 5 x 10-^ BHK cells contained in 35 mM petri plates. The luciferase 
activity is determined from each of three samples at 2, 4, 8, 16, 20, 28, 48, 72, 96, and 120 
hrs. post transfection. The results of this study, given in Figure 9, demonstrate that the 
maximal level of reporter gene expression fit>m the pVGELVIS-SINBV-luc vector is similar 
to that observed in cells transfected with in vitro transcribed RNA firom linearized SINBV- 
luc template. However, the luciferase activity expressed fix>m the pVGELVIS-SINBV-luc 
vector is at maximal levels at later time points compared to that observed with the SINBV- 
luc RNA vector, and continues at high levds while the activity fix>m the RNA vector begins 
to diminish. 

The following experiment is performed in order to demonstrate the level of 
enhancement of heterologous gene expression provided by the ELVIS vector system 
compared to the same RNA polymerase II promoter linked directly to the luciferase gene 
reporter. Briefly, the Sindbis NSPs are first deleted from the pVGELVIS-SINBV-luc vector 
in order to demonstrate the requirement for the viral enjymatic protdns for high levels of 
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reporter gene expression. This is accomplished by digestion of pVGELVIS-SINBV-luc 
DNA with Bsp £1, purification with GENECLEAN, and ligation under dilute conditions. 
This construction is deleted of nonstructural gene sequences between bases 422-7,054 and is 
analogous to the pVGSP6GENdlAs/7 construction described in Example 3, section C above 
S and shown schematically in Figure S. The construction described here is known as 
pVGELVIS-SINBVdIdAHuc (abbreviated as dINSP ELVIS-luc). To Unk the luciferase 
gene directly to the MoMuLV LTR, the reporter is first inserted into the pCDNA3 vector 
(Invitrogen, San Diego, CA) between the Bam HI and HinA III sites. The luciferase 
fragment is derived from pGL2 plasmid exactly as described in Example 3 section B« above, 
10 and inserted into the S428x bp fragment of pCDNA3 prepared by digestion with ////id III 
and Bam HI, treatment with CIAP, and purification on a 1% agarose/TBE gel. This 
construction is known as pCDNA3-luc. The U3 region of the MoMuLV LTR is amplified 
fi'om the BAG vector using the PCR primers shown below as described in Example 2. 

IS Forward primer: BAG^g/2FI f buffer sequence/j?g/ II recognition sequence/M o-MLV LTR 
nts 1-22V 



20 



S'-TATATAGATCTAATGAAAGACCCCACCTGTAGG 
(SEQ.IDNO. 15) 

Reverse primer: B AGwt44 1 R2 (SIN nts S- 1 /Mo-lVfLV LTR nts 44 1 >406V 



5'-TCAATCCCCGAGTGAGGGGTTGTGGGCTCTTTTATTGAGC 
(SEQ.IDNO. 16) 

25 

The amplification products are purified ^th GENECLEAN and the ends are first 
blunted with T4 DNA polymerase, then digested with Bgl II, purified with GENECLEAN 
and ligated into the pCDNA3-luc plasmid prepared by digestion with Hind III, blunting with 
the Klenow enzyme and 50 |.iM dNTPs, digestion with Bgl II, and purification by 1% 

30 agarose/TBE gel electrophoresis. This construction is known as LTR-luc. 

The plasmids ELVIS-luc, dlNSP ELVIS-luc, LTR-luc, and pCDNA3 are each 
complexed with 10 ^1 of lipofectamine and transfected into 5 x 10^ BHK cells contained in 
35 mM petri plates. The luciferase activity is determined from each of three samples at 48 
hrs. post transfection. The results of this study, given in Figure 10, demonstrate that the 

35 level of heterologous gene expression enhancement provided by the ELVIS system, 
compared to the same promoter linked directly to the heterologous gene is at least 100-fbld. 
The comparatively low level of luciferase expression in cells transfected with the dINSP 
ELVIS-luc construction demonstrates that the expression enhancement is a direct result of 
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functional Sindbis NSPs. The autocatalytic amplification of the reporter gene mRNA as 
diagrammed in Figure 8 provides a significant advantage in terms of levels of gene 
expression, compared to primary transcription fi-om simple promoter-heterologous gene 
constructions. Thus, as shown schematically in Figure 8, after transfection of the ELVIS 
vector primaiy transcription in the nucleus and transport of the vector RNA to the cytoplasm 
leads to the synthesis of Sindbis NSPs which catalyze the expansion of heterologous gene 
mRNA via an antigenome intenmediate which in turn serves as the template for pioduction of 
genomic and subgenomic mRNA. 

CONSTRi )CTI( )N OF M( )niFirn DN A.RA5SPn A1.PHAVIRI IS ExpREiSSlON VKfrmps 
The overall efficiency of the ELVIS vector, as detennined by level of 
heterologous gene expression, is enhanced by several modifications to the pVGELVIS- 
SINBV-hic vector. These modifications include alternate RNA polymerase U promoters and 
transcription termination signals, additions of intron sequences in the vector construct^ and 
substitution with a smaller plasmid vector. The construction of these modified ELVIS 
vectors is detailed below. 

The modified ELVIS vector is assembled on the plasmid vector pBGS13I 
(ATCC # 37443) which is a kanamycin renstant analogue of pUC 9 (Spratt et al.. Gene 
'/y:337.342. 1986). Propagation of pBGSI3 1 is in LB medium with 10 Mg/ml kanamydn. 

The transcription termination signals fi-om the SV40 early region or Bovine 
growth hormone are inserted between the Sew I and Eco Rl sites of pBGS131. The SV40 
nts between viral nts 2643 to 2.563 containing the early region transcription termination 
sequences are isolated by PCR amplification using the primer pair shown below and the 
pBR322/SV40 plasmid (ATCC # 450 1 9) as template. 

Forward Primer SSVTT 2643 fhiiffer sen»enci.7.W 1 site/SV40 nt. ^M^.^Ai iy 

S'-TATATATGAGCTCTTACAAATAAAGCAATAGCATCACAAATTTC 
(SEQ.IDN0.35) 

R?YffSe Primer RSVTT2563R (buffer sen..«mre/;r, „ Rl site/SV4n ntg 2S63.2Sg8V 
S'-TATATGAATTCGTTTGGACAAACCACAACTAGAATG (SEQ. IDNO. 36) 

The primers shown above are used in a PCR reaction with a three temperature 
cycling prognmi as described throughout this example, using a 30 second extension period. 
The amplification products are purified with GENECLEAN (Bio 101, Vista, CA), digested 
with Sac I and Eco Rl, purified again with GENECLEAN. and the 90 bp fragment is Ugated 
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into the 3,655 bp fragment of pBGS13 1 resulting from digestion with Sac I and Eco RI, and 
treatment with ClAP. This construction is known as pBGSI3 1-3*SV40TT 

The Bovine growth hormone transcription termination sequences are isolated by 
PCR amplification using the primer pair shown below and the pCDNA3 plasmid (Invitrogen, 
San Diego, CA) as template. 

Forward primer BGHTTF (bu ffer seouence/A'og 1 site/oCDNAS nts 1 132-1 161): 

5'.TATATATGAGCTCTAATAAAATGAGGAAATTGCATCGCATTGTC 
(SEQ.IDN0.37) 

Reverse primer BGHTTR (buffer sefluence/Eco Rl site/pCDNAB nts 1180-1 154): 



5»-TATATGAATTCATAGAATGACACCTACTCAGACAATGCGATGC (SEQ. ID NO. 
3S) 



The primers shown above are used in a PCR reaction with a three temperature 
cycling program, using a 30 sec. extension period. The amplification products are purified 
with GENECLEAN (Bio 10 U Vista, CA), digested with Sac I and Eco RI, purified again 
with GENECLEAN, and the 58 bp fragment is ligated into the 3,655 bp fragment of 
pBGSni resulting from digestion with Sac 1 and Eco Rl, and treatment with CIAP. This 
construction is known as pBGS 1 3 1 -3'BGHTT. 

The transcription termination signals are fused directly to the 3' end of the ELVIS 
vector and the poly-adenylate tract is deleted, or alternatively the antigenomic ribozyme 
sequence of hepatitis delta \arus (HDV) is placed between the poly-adenylate tract at the 3* 
end of the ELVIS-luc vector and the transcription termination signals. 

The HDV ribo^me-containing construct is generated with PCR techniques and 
overlapping oligonucleotide primers which contain' the minimal 84 nucleotide antigenomic 
ribozyme sequence (Perotta and Been, Nature JJ(?:434-6, 1991). In addition to the HDV 
sequence, the primers contain flanking Sac I recognition sites for insertion at the 3* end of the 
ELVIS vector The HDV ribozyme sequence is generated with the three overiapping 
primers shown below. 

Forward primer SHDVIF (B uffer sec\uence/Sac I site/HDV RBZ sea.): 



S'-TATATGAGCTCGGGTCGGCATGGCATCTCCACCTCCTCGCGGTCCG 
(SEQ. ID NO. 39) 



W IF 
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Nested primer HDV 17-68: 

5'-TCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGG-ACGCACGTCCACT- 
3' {SEQ.IDNO.40) 

5 

Reverse orimer SHDV84R (Buffer seouence/.toc I site/HDV RBZ seg V 

5'-TATATGAGCTCCTCCCTTAGCCATCCGAGTGGACGTGCGTCCTCCTTC 
(SEQ. ID NO. 41) 

10 

The primers shown above are used in a PCR reaction with a three temperature 
cycling program as described throughout this example, using a 30 sec. extension period. The 
amplification products are purified with GENECLEAN (Bio 101, Vista CA), digested vwth 
Sac 1. purified again with GENECLEAN. and the 94 bp fragment is ligated into Sac I 

IS linearized and CIAP treated pBGS131-3'SV40TT or pBGS131-3'BGHTT. These 
constructions are knovm as pBGS13i/HDV/3'SV40TT and pBGSlSl/HDV/S'BOlTT. 
Insertion of the HDV ribo^e in the correct orientation in the Sac I site is determined by 
sequencing. In addition, Iong«»- HDV ribo^e sequences, or any other catalytic ribozyme 
sequmce, may also be readily substituted given the disclosure provided herein. 

20 In the second vector 3' configuration, the SV40 or BGH transcription 

termination signals are fiised directly to the 3' end of the ELVIS vector corresponding to 
Sindbis nt 1 1,700 and the poly-adenylate tract is deleted. This construction is accomplished 
according to the steps outlined above in Example 3, sections A and B for the assembly of the 
pKSSINBV and pKSSINBV-luc vectors. However, in this application the vector 3' end 

25 primer does not contain a 25 poly-adenylate tract. The 3' end of the vector is synthesized 
with the primer pair shown below: 

Forward Primer SIN I I664F: fbuffer seouence/jV»# I s ite/ SIN nts 1 1664.1 16Q8V 

30 5'-TATATGCGGCCGCTTTCTTTTATTAATCAACAAAATTTTGTTTTTAA 
(SEQ. ID NO. 42) 

Reverse Primer: SSINI I700R rbuflT er sequence/.SWc I site/SIN nts 1 1700-1 1655: 



35 5'-TATATGAGCTCGAAATGTTAAAAACAAAATTTTGTTG 
(SEQ. ID NO. 43) 
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The primers shown above are used in a PGR reaction with a three temperature 
cycling program as described throughout this example, using a 30 sec. extension period. 
Assembly of the pKSSINBV and pKSSINBV-luc vectors is precisely as shown in Example 
3, sections A and B. These constructions are known as pKSSINBVdlA and pKSSINBVdlA- 
luc. 

The ELVIS expression vectors are assembled further onto the various 3' end 
processing plasmid constructions described above. The Sindbis vectors containing a 
polyadenylate tract are combined with the plasmid constructions containing the HDV 
ribozyme sequence and the S V40 or BGH transcription termination signals. This 
construction corresponds to the insertion of pKSSINBV and pKSSINBV-luc vector 
sequences into the pBGS131/HDV/3'SV40TT and pBGS131/HDV/3BGHTT plasmids. 
Alternatively, the Sindbis vectors terminatmg precisely at the viral 3* end corresponding to 
viral nt IIJOO are linked directly to the SV40 or BGH transcription termination signals. 
This construction corresponds to the insertion of pKSSINBVdlA and pKSSINBVdIA-luc 
vector sequences into the pBGSI3l/HDV/3'SV40TT and pBGSI31/HDV/3BGHTT 
plasmids. 

The Sindbis vectors pKSSINBV and pKSSINBV-luc are digested with Sac 1 and 
Bgl II, and the 5,522 bp (pKSSINBV) or 821 1 bp (pKSSINBV-luc) fragments are purified 
by 1% agarose/TBE gel electrophoresis and inserted into the linearized 
pBGS131/HDV/3'SV40TT and pBOSni/HDV/SBGHTT plasmids prepared by digestion 
with Sac I and Bfil II and treatment with CIAP. These constructions are known as: 

pBGS 1 3 1/dlproSINB V/HD V/3'S V40TT 
pBGS13 l/dlproSINBV.|uc/HDV/3'BGHTT 

Using the same strategy described above, the Sindbis vectors pKSSINBVdlA and 
pKSSINB VdlA-luc are digested with Sac I and Bgl II, and the 5,497 bp (pKSSINBVdlA) or 
8186 bp (pKSSINBVdlA-luc) fragments are purified by 1% agarose/TBE gel electrophoresis 
and inserted into the linearized pBGS131/3'SV40TT and pBGS131/3BGHTT plasmids 
prepared by digestion with .Skic I and Bgl II and treatment with CIAP. These constructions 
are known as: 

pBGSl3 l/dlproSINBV/3*SV40TT 
pBGS 13 l/dlproSINBV-luc/3BGHTT 

The addition of an RNA polymerase II promoter and Sindbis nucleotides 1-2289 is 
the last step required to complete the construction of the modified ELVIS expression vectors 
of the four constructions shown below: 
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pBGS 1 3 1 /dIproSINB V/HDV/3'S V40TT 
pBGS131/dlproSINBV-luc/HDV/3'BGHTT 
pBGSn l/dlproSINBV/3'SV40TT 
pBGS 1 3 1/dlproSINB V-Iuc/3'BGHTT 

These four constructions contain a unique Bgl II restriction ate. corresponding to 
Sindbis nt 2289. The RNA polymerase II promoter and Sindbis nucleotides 1-2289 are 
inserted into these constructions by the overlapping PCR techuque described ibr the 
pVGELVIS construction in Example 2. In order to insert the RNA polymerase II promoter 
and the 2289 Sindbis nts. the four constructions shown above are digested with Bgl U and 
treated with CIAP. 

The U3 region of the long terminal repeat (LTR) from Moloney murine leukemia 
virus (Mo-MLV) is positioned at the 5' viral end such that; the first transcribed nucleotide is a 
single G residue, which is capped in vivo, followed by the Sindbis 5' end. Amplification of 
the Mo-MLV LTR in the first primaiy PCR reaction is accomplished in a reaction containing 
the BAG vector (Price et al.. PNAS 8-f : 1 56- 1 60. 1 987) and the following primer pair: 

Forward primer: BAGHvUFl rbuffer smuence/Rv/ IT r ecognition senuence/Mo-MLV I.TR 
nts 1-22V 

5'-TATATAGATCTAATGAAAGACCCCACCTGTAGG 
(SEQ. IDNO. 15) 

Reverse primer: BAGwt4 4 1 R2 (SIN nts 5- l/Mo-MLV LTR nts 441-406V 

5*-TCAATCCCCGAGTGAGGGGTTGTGGGCTCTTTTATTGAGC 
(SEQ. ID NO. 16) 

The primers shown above are used in a PCR reaction \wth a three temperature 
cycling program using a 30 second extension period. 

Amplification of the Sindbis 5' end in the second primaiy PCR reaction is 
accomplished in a reaction containing the pVGSP6GENrep clone and the following primer 
pair: 

Forward pri mer: f Mo-MLV LTR nts 42 1 -44 l/SIN nts 1 - 1 fi); 



5'-CCACAACCCCTCACTCGGGGATTGACGGCGTAGTAC 
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(SEQ. ID NO. 17) 
Reverse primer: (SIN nts 3 1 82-3 1 60V 

5 5'-CTGGCAACCGGTAAGTACGATAC 
(SEQ. ID NO. 18) 

The primers shown above are used in a PCR reaction with a three temperature 

QTCling program using a 3 minute extension period. 
10 The 457 bp and 3202 bp products fi-om the primary PCR reactions are purified with 

GENECLEAN, and used together in a PCR reaction with the following primer pair: 

Forward primer: BAGBp/2¥\ f buffer sequence/^p/ II recognition sequence/Mo-MLV LTR 
nts 1-22V 4; 

5'-TATATAGATCTAATGAAAGACCCCACCTGTAGG 
(SEQ. ID NO. IS) 



IS 



Reverse primer: f SIN m? ^}QQ-2m\ 

20 

5'-GGTAACAAGATCTCGTGCCGTG 
(SEQ. ID NO. 19) 



The primers shown above are used in a PCR reaction with a three temperature 
25 cycling program using a 3 minute extension period. 

The 25 3' terminal bases of the first primaiy PCR amplicon product overiaps vrith the 
25 5' terminal bases of the second primary PCR amplicon product; the resultant 2,752 bp 
overiapping secondary PCR amplicon product is purified by 1% agarose/TBE 
electrophoresis, digested with Hul II, and the 2,734 bp product is ligated into the four 
30 ELVIS constructions described above. These constructions are named as shown below: 



MpLTRELVlS/D/S 
MpLTRELVIS-luc/D/B 
MpLTRELVIS/S 
35 MpLTRELVIS-luc/B 



Using the same overlapping PCR approach, the CMV promoter is portioned at the 5' 
viral end such that transcription initiation results in the addition of a sin^e non-wal 
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nucleotide at the Sindbis 5" end. Amplification of the CMV promoter in the first primary 
PCR reaction is accomplished in a reaction containing the pCDNA3 plasmid (Invitrogen, San 
Diego, CA) and the following primer pair: 

Forward primer: DCflg/233F (buffer seauencdBpl II recognition seauence/rMV promoter 

5'-TATATATAGATCTTTGACATTGATTATTGACTAG 
(SEQ. ID NO. 44) 

Reverse primer: SNCMVl 1 42R rSIN nts 8-1/CMV pro nts 1 142-1 108V 

5'-CCGTCAATACGGTTCACTAAACGAGCTCTGCTTATATAGACC 
(SEQ. ID NO. 45) 

The primers shown above are used in a PCR reaction with a three temperature 
cycling program using a I minute extension period. 

Amplification of the Sindbis 5* end in the second primary PCR reaction is 
accomplished in a reaction containing the pVGSP6GENrep clone and the following primer 
pair: 

Forward primer: CMVSINIF (CMV nrn n ts 1 124-1 142/SIN nts 1-20V 

5'-GCTCGTTTAGTGAACCGTATTGACGGCGTAGTACACAC 
(SEQ. ID NO. 46) 

Reverse primer f SIN nts ^ I \ (iO); 

5'-CTGGCAACCGGTAAGTACGATAC 
(SEQ. ID NO. 18) 

The primers shown above are used in a PCR reaction wth a three temperature 
qrcling program using a 3 minute extension period. 

The 600 bp and 3200 bp products firom the primary PCR reactions are purified with 
(jENECLEAN, and used together in a PCR reaction with the following primer pain 
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25 



Forward primer: pC^y/233F fbuffer seouence/gp/ II recognition sequence/CM V promoter 
nts 1-22V 

5'.TATATATAGATCTTTGACATTGATTATTGACTAG 
(SEQ.IDN0.44) 

Reverse Primer: (SIN nts 23Q0.2278V 

5'-GGTAACAAGATCTCGTGCCGTG 
(SEQ.IDNO. 19) 

The primers shown above are used in a PCR reaction with a three temperature 
cycling program using a 3 minute extension period. 

The 26 3' terminal bases of the first primary PCR amplicon product overlaps with the 
26 5* temunal bases of the second primary PCR amplicon product; the resultant 2,875 bp 
overiapping secondary PCR amplicon product is purified by 1% agart>se/TB£ 
electrophoresis, digested with Bgl II, and ligated into the four ELVIS constructions 
described above. These constructions are named as shown below: 

MpCMVELVIS/D/S 
MpCMVELVIS-luc/D/B 
MpCMVELVIS/S 
MpCMVELVIS-luc/B 

Uang the same overiapping PCR approach, the SV40 late region promoter is 
positioned at the 5' viral end such that the major cap site of transcription initiation results in 
the addition of a single non-virai nucleotide at the Sindbis 5' end. Amplification of the SV40 
promoter in the first primary PCR reaction is accomplished in a reaction containing the 
pBR322/SV40 plasmid (ATCC # 45019) and the foUowing primer pair: 

Forward primer: B2SVpr250F fbuffer senuence/fig/ IT rt ^gnition sequence/SV40 nts 250. 
2211 



35 



S'-TATATATAGATCTGGTGTGGAAAGTCCCCAGGC 
(SEQ.IDNO. 47) 
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Reverse Primer: SrNSVS23SR rSfN nts n.l/ SV4Q nts S?:^^;? ) 

5'-CTACGCCGTCAATGCCGAGGCGGCCTCGGCC 
(SEQ.IDN0.48) 

The primers shown above are used in a PGR reaction \nth a three temperature 
qwling program using a 30 second extension period. 

Amplification of the Sindbis 5' end in the second primary PGR reaction is 
accomplished in a reaction containing the pVGSP6GENrep clone and the foUowing primer 
pair: 

Forward primer: SVSTN I F (SV4Q nts 3.S235/SrN nts 

5'-GGCCGCCTCGGCATTGACGGCGTAi3TACACACTATTG 
(SEQ.IDN0.49) 

Reverse primer f SIN nts 3 182-3 160V 

5'-CTGGCAACCGGTAAGTACGATAC 
(SEQ. IDNO. 18) 

The primers shown above are used in a PGR reaction with a three temperature 
cycling program using a 3 minute extension period. 

The 280 bp and 3,194 bp products from the primary PGR reactions are purified with 
GENEGLEAN, and used together in a PGR reaction with the following primer pair: 

Forward primer: B2SVnr2S0F f buffer f^^uf^r^htrt 11 recnpm t ion genuenei.75;V40 nte 2S0. 
23 IV 

5'-TATATATAGATGTGGTGTGGAAAGTGGCGAGGG 
(SEQ. ID NO. 47) 

Reverse nrimt^r f SIN nts. 23nn-777«)- 



5'.<}GTAAGAAGATCTGGTGCCGTG 
(SEQ. IDNO. 19) 
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The primers shown above are used in a PCR reaction with a three temperature 
cycling program using a 3 minute extension period. 

The 25 3' terminal bases of the first primary PCR amplicon product overlaps v^dth the 
2S S' terminal bases of the second primary PCR amplicon product; the resultant 2,543 bp 
5 overlapping secondary PCR amplicon product is purified by 1% agarose/TBE 
electrophoresis, digested with Bgl U, and ligated into the four ELVIS constnicttons 
described above. These constructions are named as shown below: 

MpSV40ELVIS/D/S 
10 MpSV40ELVIS.luc/D/B 
MpSV40ELVIS/S 
MpSV40ELVIS-Iucm 

The lucifisrase expression levels after transfectton of BHK cells are determined with ^ 
15 each of the reporter gene containing complete modified ELVIS constructions detailed above 
in order to determine the desired configuration. The heterologous gene is inserted into the 
multiple cloning site of the ELVIS vector, as described for the insertion of the ludferase 
gene in Example 3« section B. 

In order to increase the efficiency of the ELVIS system in terms of fijnctional vector 
20 RNA transported to the cytoplasm per nuclear DNA template, the SV40 small t antigen 
intron can be inserted into the ELVIS expression vectors. Insertion of the SV40 small t 
antigen intron sequences is at the vector unique Xho I site immediately downstream of the 5' 
Sindbis sequences, or alternatively at the No/ I site immediately upstream of the 3' Sindbis 
sequences. 

25 For insertion into the Xho I site of the ELVIS vectors, amplification of the SV40 

small t antigen intron sequences is accomplished in a reaction containing the pBR322/SV40 
plasmid (ATCC # 45019) and the following primer pair: 

Forward primer: XSVSD4647F fbuffer segue nce/Xho I recognition sequence/SV4Q nts 
30 4647-467SV 

5'-TATATATCTCGAGAAGCTCTAAGGTAAATATAAAATTTACC 
(SEQ. ID NO. 50) 



w 
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35 



Reverse primer: XSVSA4S62R (buffer sequence/A7w? 1 recomiti on seouence/SV40 fit« 
4562-4S37V 

5*-TATATATCTCGAGAGGTTGGAATCTAAAATACACAAAC 
(SEQ.IDNO.SI) 

The primers shown above are used in a PCR reaction with a three temperature 
cycling program using a 30 second extension period. The amplification products are purified 
with GENECLEAN, digested with A»o I. re-purified with GENECLEAN and inserted into 
Xho I linearized and CIAP treated complete modified ELVIS vectors described above. 
Insertion of the SV40 small t antigen intron in the correct orientation in the ELVIS vector is 
determined by sequencing. 

For insertion into the Not I site of the ELVIS vectors, amplification of the SV40 
small t antigen mtron sequences is accomplished in a reaction containing the pBR322/SV40 
plasmid (ATCC #) and the following primer pair: 

Forward primer: NSVSD4647F (buffer senuence/M?/ I recognition seauence/SV40 nts 
4647-467SV 

S'-TATATATGCGGCCGCAAGCTCTAAGGTAAATATAAAATTTACC 
(SEQ. ID NO. 52) 

Reverse primer; XSVSA4562R (buffer seauence/Noi I recognition sequen ce/SV4Q nts 
4562-4537V 

5'-TATATATGCGGCCGCAGGTTGGAATCTAAAATACACAAAC 
(SEQ. ID NO. 53) 

The primers shown above are used in a PCR reaction vnth a three temperature 
cycling program using a 30 second extension period. The amplification products are purified 
with GENECLEAN, digested with Not I. re-purified with GENECLEAN and inserted into 
Not I linearized and CIAP treated complete modified ELVIS vectors described above. 
Insertion of the SV40 small t antigen intron in the correct orientation in the ELVIS vector is 
determined by sequencing. Alternatively, the SV40 small t antigen n»y be inserted at other 
sites within the ELVIS vector, which do not impair function of the vector, using the 
disclosure provided herein. 

The luciferase expression levels after transfection of BHK cells with the SV40 small t 
antigen intron containing ELVIS vectors are assayed in onler to determine the deared 



wo 96/17072 PCT/US9S/15490 

-94- 



configuration. The heterologous gene is inserted into the multiple cloning site of the ELVIS 
vector, as described for the insertion of the luciferase gene in Example 3, section B. 

A linker sequence is inserted into the pKSSINBV and into the pVGELVIS-SINBV 
constructs to facilitate the insertion of heterologous sequences. The linker is constructed 
5 using two complementary 3Snt oligonucleotides that form a duplex with Xhol and Xbal 
compatible sticky ends when hybridized. 

SINBVLinkF: STCGAGCACGTGGCGCGCCTGATCACGCGTAGGCCT 
(SEQ.IDNO. 54) 

10 

SINBVLinkR: 5CTAGAGGCCTACGCGTGATCAGGCGCGCCACGTGC 
(SEQ. ID NO. 55) 

The oligonucleotides are phosphoryla|ed with T4 polynucleotide kinase, heated to 90''Q and 
15 slow cooled to allow hybridization to occur. The hybrid is then ligated to the 10.6kb 
fragment of pKSSINBV-Luc obtained after digestion with Xhol and Xbal, followed by 
treatment with alkaline phosphatase and agarose gel purification. The resulting construct 
contains Xho I, Pml I, Asc I, Bel I, Mlu I, Siu I, Xba I, and Nai I as unique sites between the 
Sindbis junction region and the Sindbis 3* end. This construct is known as pKSSINBV- 
20 Linker. 

This linker also is cloned into the pVGELVlS-SINBV constructs. The linker is inserted by 
digestion of pVGELVIS-SJNBV-luc with Sfi I and Not I. The 10. Ikb fragment is agarose 
gel purified, and this fragment was ligated to the gel purified 2.6kb fragment fi-om a 
25 SfiVNotl digest of pKSSINBV*Linker. The resulting construct contains Xhol, Pml I, 
Asc I, Mlu I, and Nof 1 as unique sites between the Sindbis junction region and the Sindbis 3* 
end. This construct is known as pVGELVIS-SnsfBV-Linker. 



30 EXAMPLE 4 

A. Insertion of Adenovirms Early Rfok )n E3 Gene into sindbts vector.^ 

In order to inhibit the host CTL directed response against viral specific proteins 
expressed in vector infected cells in applications where repeated administration of the 
35 therapeutic is desired, the Adenovirus type 2 (Ad 2) E3/19K gene ATCC No. VR.846 is 
cloned into the pKSSTNdlJRsjrc plasmid, immediately downstream from the junction region 
core. 
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Briefly. Ad 2 is propagated in a permissive cell line, for example HeLa or Vero cells, 
and after evidence of cytopathologic effects, virions are purified fi^m the cell lysate, and the 
Ad 2 DNA is purified from the virus. 

The Ad 2 DNA E3/19K gene, including the amino terminal signal sequence, followed 
by the intfaluminal domain and carbo;^ terminal cytoplasmic tail which allows the E3 19K 
protein to embed itself in the endoplasmic reticulum, is located between viral micleotides 
28.812 and 29,288. Isolation of the Ad 2 E3 19K gene firom the viral genonuc DNA is 
accomplished by PGR amplification, with the primer pur shown below: 

Ad 2 E3 Forward primer (Ad 2 nucleotides 28,812-28,835): 

5'-TAT ATC TCC AGA TGA GOT ACA TGA TTT TAG GCT TG-3' 
(SEQ. ID NO. 56) 

Ad 2 E3 Reverse primer (Ad 2 nucleotides 29,24 1 -29,2 1 3): 

5'-TAT ATA TCG ATT CAA GGC ATT TTC TTT TCA TCA ATA AAA C-3' 
(SEQ. ID NO. 57) 

In addition to the Ad 2 complementary sequences, both primers contain a five 
nucleotide 'buffer sequence' at their 5' ends for efficient enzyme digestion of the PGR 
amplicon products. This sequence in the forward primer is followed by the Xho I recognition 
site, and in the reverse primer this sequence is followed by the Cla I recognition site. Thus, 
in the 5' to 3* direction, the E3/19K gene is flanked by Xho I and Cla I recognition sites. 
Amplification of the E3/I9K gene from Ad 2 DNA is accomplished with the following PGR 
^cle protocol: 



Temperature CO Time(Min.) No. Cycles 

94 2 1 

94 0.5 

55 0.17 5 

72 3.5 

94 0.5 30 

70 3.5 

72 10 10 



Following amplification, the 451 bp amplicon is purified on a 1.5% agarose gel. and 
subsequently digested with the Xho I and C/a I enzymes and ligated into the CIAP treated 
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pKSSINdlJRsjrc plasmid, previously digested with Xho I and Cla 1. This clone is designated 
pKSSINdlJRsjrcAdE3. Using the same cloning strategy, the Ad 2 E3/I9K gene is inserted 
into all of the modified synthetic junction region vectors described in Example 2. 

S B. INSERTK )N OF THE HlJMAN CYTOMEGALOVIRUS H30 1 GEKTR INT Q SINDBIS VECTORS 

In order to inhibit the host CTL directed response against viral specific proteins 
expressed in vector infected cells in applications where repeated administration of the 
therapeutic is desired, the human cytomegalovirus (HCMV) H301 gene is' cloned into the 
pKSSINdlJRsjrc plasmid, immediately downstream from the junction region core. 

10 Briefly, HCMV strain AD 169 (ATCC No. VR-538), is propagated in a permisave 

cell line, for example primary human foreskin fibroblasts (HFF) (GIBCO/BRL, Gaithersburg, 
MD), and after evidence of cytopathologic effects, virions are purified fi^om the cell lysate. 
Subsequently, HCMV DNA is purified fi^om the virons. 

The HCMV H301 gene is located between viral nucleotides 23,637 and 24,742. 

IS Isolation of the HCMV H301 gene from the viral genomic DNA is accomplished by PCR 
amplification* with the primer pair shown below: 

HCMV H301 Forward primer (buffer sequence/AZro I site/ HCMV nucleotides 
23,637-23,660): 

20 

5'-TAT ATC TCC AGA TGA TGA CAA TGT GGT GTC TGA CG-3' 
(SEQ. ID NO. 58) 

HCMV H301 Reverse primer (buffer sequence/C/a I site/HCMV nucleotides 24,744- 
25 24,722): 

S'-TAT ATA TCG ATT CAT GAC GAC CGG ACC TTG CG.3' 
(SEQ. ID NO. 59) 

30 In addition to the HCMV H301 gene complementary sequences, both primers contain 

a five nucleotide 'buffer sequence* at their 5* ends for efficient enzyme digestion of the PCR 
amplicon products. This sequence in the forward primer is followed by the I recognition 
nte« and in the reverse primer this sequence is followed by the Cla I recognition site. Thus, 
in the 5' to 3' direction, the HCMV H301 gene is flanked by Xho I and Cto I recognition 

35 ^tes. Amplification of the HCMV H301 gene from HCMV DNA is accomplished with the 
following PCR cycle protocol: 



Temperature TC) 



Time (Min.) 



No. Cycles 
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94 


2 


1 


94 


0.5 




55 


0.17 


5 


72 


3.5 




94 


0.5 


30 


70 


3.5 




72 


10 


10 



Following amplification, the U 1 29 bp amplicon product is purified on a 1.0% agarose, 
gel, and subsequently digested with the Xho I and Cla I enzymes and ligated into the CIAP 
treated pKSSINdlJRsjrc plasmid, previously digested with Xho I and Cla I. This clone is 
5 designated pKSSINdIJRsjrcH30l. Using the same cloning strategy, the HCMV H301 gene 
is inserted into all of the modified synthetic junction region vectors described in Example 3. 

EXAMPLE? 

10 

EXPRESSION OF MI1LTI11.E HETCROl^XiOUS GENES FROM ST»m B!S VECTORS 

The plasmid pBS-ECAT (Jang et al., 7. Virol 6J:I651, 1989) includes the 5' 
nontranslated region of Encephalomycarditis virus (EMC V) from nts 260-848 of the viral 
15 genome, which contains the internal ribosome entry site (IRES). EMCV nucleotides 260- 
827 are amplified from pBS-ECAT by PGR, using the following primer pair: 

EMCV IRES Forward primer A (For insertion next to disabled junction region in vector 
pKSSINBVdIJR at Apa I site): 

20 

5'-TAT ATG GGC CCC CCC CCC CCC CCC AAC G-3' (SEQ. ID NO. 60) 

EMCV IRES Forward primer B (For insertion between heterologous genes terminating with 
Cla 1 sites and initiating with Nco I sites): 

25 

5'.TAT ATA TCG ATC CCC CCC CCC CCC CCA ACGO* (SEQ. ID NO. 61) 

EMCV IRES Reverse Primer (To be used with dther primers A or B): 

30 5'.TAT ATC CAT GGC TTA CAA TCG TGG TTT TC A AAG G-3' 

(SEQ. ID NO. 62) 
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The amplicon resulting from amplification with the forward primer A and the reverse primer 
is flanked by Apa 1 and Nco I recognition sites, inside a S bp "bufTer sequence'. 

S The amplicon resulting from amplification with the forward primer B and the reverse primer 
is flanked by Cla I and Nco I recognition sites, inside a S bp "buffer sequence*. 

Amplification of the EMCV IRES sequence firom the pBS-ECAT plasmid is accomplished 
with the following PCR cycle protocol: 

10 

Temperature (X) Time (Min.) No. Cycles 

94 2 1 

94 0.5 
55 • 0.17 5 

72 3.5 

94 0.5 30 

70 3.5 

72 10 1 

For insertion into the pKSSINBVdlJR vector, the 589 bp amplicon is digested with 
Apa I and Nco I, purified on a 1% agarose gel, and ligated into the CIAP treated vector 
digested with Apa I and Nco I. The ATG corresponding to the start codon of the 

15 heterologous gene to be inserted immediately downstream of the EMCV IRES insert is 
modified to contain an Nco I site (CCATGG). 

For insertion into the pKSSINBV or pKSSINBVdURsjrc vectors between 
heterologous genes, the 589 bp amplicon is digested with Cla I and Nco I, purified on a 1% 
agarose gel, and ligated into the bicistronic heterologous gene vector digested with Cla I and 

20 Nco I and treated with CIAP. In a bicistronic heterologous gene configuration, the 3' end of 
the upstream heterologous gene is modified to terminate in a Cla I recognition site. The 
ATG corresponding to the start codon of the second downstream heterologous gene to be 
inserted immediately downstream of the EMCV IRES insert is modified to contain an Nco I 
site (CCATGG). Thus, from 5' to 3\ the order of components is: pKSSINBV or 

25 pKSSINB VdlJRsjrc-gene # 1 -Cla/Nco EMCV IRES gene #20' SIN. Insertion into all of the 
modified junction region vectors described in Example 2 follows the strategy given here for 
the pKSSINBV or pKSSINB VdlJRsjrc vectors. 

The pKSSINBVdlJR vector containing a bicistronic heterologous configuration is 
constructed with each of the EMCV IRES amplicons described above. The first EMCV 

30 IRES amplicon is flanked by A/m I and Nco I sites and is inserted immediately downstream 
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of the disabled junction region at the Apa I site, as described above. This EMCV IRES 
sequence is followed by the first heterologous gene, which terminates in a Cla I recognition 
site. The first heterologous gene is followed by the second EMCV IRES sequence^ using the 
amplicon flanked by Cla I and hico I recognition sites. The second heterologous gene 
S follows the second EMCV IRES sequence. Thus, from S' to 3\ the order of components is: 
SINBVdlJR-i4pa/Nco EMCV IRES gene #1 -Cla/Nco EMCV IRES gene #2-3' SIN. 

The plasmid pP2-S' (Pelletier et al., Mol Cell Biol. 8:l\03, 1988) includes the S* 
nontranslated region of the poliovirus P2/Lansing strain from nucleotides 1-1,872 of the viral 
genome, which contains the polio IRES. Poliovirus nucleotides 320-631 are amplified from 
10 pP2-5* by PCR, using the following primer pair: 

Polio IRES Forward primer A (For insertion next to disabled junction region in vector 
pKSSINBVdIJR at A/Hi I site): 

15 5'-TAT ATG GGC CCT CGA TGA GTC TGG ACG TTC CTC-3' 

(SEQ. ID NO. 63) 

Polio IRES Forward primer B (For insertion between heterologous genes terminating with 
Cla 1 sites and initiating with Nco I sites): 

20 

5'-TAT ATA TCG ATT CGA TGA GTC TGG ACG TTC CTC-3' 
(SEQ. ID NO. 64) 



Polio IRES Reverse Primer (To be used with either primers A or B): 

25 

5'-TAT ATC CAT GGA TCC AAT TTG CTT TAT GAT AAC AAT CO' 
(SEQ. ID NO. 65) 



The amplicon resulting from PCR with the Polio IRES forward primer A/reverse primer pair 
30 shown above is flanked by A/Hf I and Nco I recognition sites, inside a 5 bp 'buffer sequence*. 
The amplicon resulting from PCR with the Polio IRES forward primer B/reverse primer pair 
is shown above is flanked by Cla I and Nco I recognition sites, inside a 5 bp ^buffer 
sequence*. Amplification of the polio IRES sequence from the pP2-5' plasmid is 
accomplished with the PCR protocol shown in Example 5. 
35 For insertion into the pKSSINBVdIJR vector, the 333 bp amplicon is digested with 

Apa I and Ncf} I purified on a 1.5% agarose gel, arid ligated into the vector digested with 
Apa I and Mvi I and treated with CIAP. The ATG corresponding to the start codon of the 
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heterologous gene to be inserted immediately downstream of the polio IRES insert is 
modified to contain an Nco I site (CCATGG). 

For insertion into the pKSSINBV or pKSSINBVdIJRsjrc vectors between 
heterologous genes, the 333 bp amplicon is digested with Cla I and Nco I, purified on a 
S 1.5% agarose gel, and ligated into the bidstronic heterologous gene vector digested with Cla 
I and Nco I and treated with CIAP. In a biscistronic heterologous gene configuration, the 3* 
end of the upstream heterologous gene is modified to terminate in a Cla I recognition site. 
The ATG corresponding to the start codon of the second downstream heterologous gene to 
be inserted immediately downstream of the polio IRES insert is modified to contain an Nco I 

10 site (CCATGG). Thus, from 5' to 3', the order of components is: pKSSINBV or 
pKSSINBVdIJRsjrc-gene #I-Cla/Nco polio IRES gene #2-3* SIN. Insertion into all of the 
modified junction region vectors described in Example 3 follows the strategy given here for 
the pKSSINBV or pKSSINBVdIJRsjrc vectors. 

The pKSSINBVdllR vector containing a bicistronic heterologous configuration is 

IS constructed with each of the polio IRES amplicons described above. The first polio IRES 
amplicon is flanked by Afx^ I and Nco I sites and is inserted immediately downstream of the 
disabled junction region at the Apa I site, as described above. This polio IRES sequence is 
followed by the first heterologous gene, which terminates in a Cla I recognition site. The 
first heterologous gene is followed by the second polio IRES sequence, using the amplicon 

20 flanked by Cla 1 and Nco I recognition sites. The second heterologous gene follows the 
second polio IRES sequence. Thus, from 5' to 3', the order of components is: SINBVdlJR- 
Apal^ioo polio IRES gene # 1 -Cla/Nco EMCV IRES gene #2-3' SIN. 

The 220 bp BiP cDNA, corresponding to the 5' leader region of the human 
immunoglobulin heavy-chain binding protein mRNA, is amplified fit>m the clone 

25 pGEMSZBiPS', using PCR. The sequence corresponding to BiP cDNA was determined 
ori^nally in the bacteriophage lambda hu28-I clone of the human GRP78 gene (Ting and 
Lee, DNA 7:275-286, 1988). The forward primer to be used in the PCR reaction varies, 
depending on the Sindbis vector into which the BiP cDNA is inserted. The reverse primer 
for the PCR reaction is the same for all Sindbis vectors. Amplification of the BiP cDNA 

30 sequence fi'om pGEM5ZBiP5' fi-om the plasmid for insertion into the Sindbis vector 
pKSSINBVdlJR, immediately downstream of the disabled junction region, is accomplished 
by amplification with the following forward primer: 

5'-TAT ATG GGC CCG GTC GAC GCC GGC CAA GAC-3' 
35 (SEQ.1DN0.66) 

In addition to the BiP cDNA complementary sequences, beginning at nucleotide 12, 
the prinrier contains a five nucleotide 'buffer sequence* at its 5* end for efficient enzyme 
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digestion of the PCR amplicon products. This sequence is followed by the Apa I recognition 
site. 

Amplification of the BiP d)NA sequence from the pGEMSZBiPS' plasmid for 
insertion into the Sindbis vectors pKSSINBV, or pKSSINBVdURsjrc, is accomplished by 
amplification with the following forward primer shown below. For these vectors, the BiP 
cDNA is inserted between two heterologous genes, which are placed in the region 
correspondiog to the Sindbis structural genes. 

5'-TAT ATA TCG ATG GTC GAC GCC GGC CAA GAC-3' 
(SEQ. ID NO. 67) 

In addition to the BiP cDNA complementary sequences, beginning at nucleotide 12, 
the primer contains a five nucleotide 'buffer sequence' at its 5' end for effident enzyme 
digestion of the PCR amplicon products. This sequence is followed by the Cla 1 recognition 
site. 

The reverse primer for amplification of the BiP cDNA sequence firom the 
pGEMSZBiPS' plasmid for insertion into the Sindbis vectors pKSSINBVdIJR, pKSSINBV. 
or pKSSINBVdURsjrc, is: 

5'-TAT ATC CAT GOT GCC AGC CAG TTG GGC AGC AG-3' 
(SEQ. ID NO. 68) 

In addition to the BiP cDNA complementary sequences, beginning at nucleotide 12, 
the reverse primer contains a five nucleotide "bufrer sequence' at its 5' end for eflficient 
en^e digestion of the PCR amplicon products. This sequence is followed by the Nco I 
recognition site. Amplification of the BiP cDNA from the pOEM5ZBiP5' is accomplished 
vAth PCR protocol that are described above. 

For insertion into the pKSSINBVdIJR vector, the 242 bp amplicon is digested with 
Apa I and Nco 1, purified on a 2% agarose gel, and ligated into the vector digested with Apa 
I and Nco I and treated with CIAP. The ATG corresponding to the start codon of the 
heterologous gene to be inserted immediately downstream of the BiP d>NA insert is 
modified to contain an Nco I site (CCATGG). 

For insertion into the pKSSINBV or pKSSINBVdURsjrc vectors between 
heterologous genes, the 242 bp amplicon is digested with Cfa I and Nco I, purified on a 2% 
agarose gd. and ligated into the bicistronic heterologous gene vector digested with Cla 1 and 
Nco I and treated with CIAP. In a bisdstronic heterologous gene configuration, the 3' end of 
the upstream heterologous gene is modified to terminate in a Cla I recognition ate. The 
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ATG corresponding to the start codon of the second downstream heterologous gene to be 
inserted immediately downstream of the BiP cDNA insert is modified to contain an Nco I site 
(CCATGG). Thus, from 5' to 3\ the order of components is: pKSSINBV or 
pKSSINBVdIJRsjrc-gene #l-CIa/Nco BiP-gene #2-3' SIN. Insertion into all of the modified 
5 junction r^on vectors described in Example 2 follows the strategy given here for the 
pKSSINBV or pKSSINBVdiJRsjrc vectors. 

The pKSSINBVdlJR vector containing a bicistronic heterologous configuration is 
constructed with each of the BiP cDNA amplicons described above. The first BiP cDNA 
amplicon is flanked by Apa I and Nco I sites and is inserted immediately downstream of the 

10 disabled junction region at the Apa I site, as described above. This BiP sequence is followed 
by the first heterologous gene, which terminates in a Cla I recognition site. The first 
heterologous gene is followed by the second BiP cDNA sequence, using the amplicon 
flanked by Cla I and Nco I recognition sites. The second heterologous gene follows the 
second BiP sequence. Thus, from 5' to 3', the ;qrder of components is: SINBVdUR* 

15 Apa/Nco BiP.gene # 1 -Cla/Nco BiP-gene #2-3' SIN. 

Sequences which promote ribosomal readthrough are placed immediatdy 
downstream of the disabled junction region in the pKSSINBVdlJR vector, which allows 
ribosomal scanning in genomic mRNA from non-structural gene termination to the 
heterologous genes. The heterologous proteins are expressed from genomic length mRNA 

20 by ribosomal scanning. This extends the life of the infected target cell because no 
subgenomic transcription occurs in cells infected with this vector. Further, these same 
ribosomal scanning sequences are placed between heterologous genes contained in 
polycistronic subgenomic mRNAs. The ribosomal spanning sequence to be used in the 
pKSDINBVdlJR vector and between heterologous genes in the polycistronic mRNA region 

25 is: 

5'.TTA ATT AAC GGC CGC CAC £AI £0-3' (SEQ, ID NO. 69) 

The boldfaced codons refer to the ochre stop codon and AUG start codon^ 
30 respectively. The bases underiined surrounding the stop codon refer to the Pac I recognition 
site and the bases underiined surrounding the start codon refer to the Nco I recognition site. 
The intercistronic distance of IS bp between the start and stop codons allows efficient 
ribosomal readthrough, as shown previously (Levine et al., Gew 705:167-174, 1991). The 
sequences surrounding the ATG start codon from bases *9 to +l conform to the Kozak 
35 consensus sequence for efficient translational initiation (Kozak, Cell ^•/:283-292, 1986). 
Where possible, the 3' terminal nucleotide corresponding to the carboxy tenmnal amino add 
is changed to T, by site-directed mutagenesis. Also, the 5' terminal nucleotide corresponding 
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to the amino terminal amino acid in the downstream cistron is changed to G, by site-directed 
mutagenesis. 

Insertion of the intercistronic sequence between heterologous genes, or downstream 
of the disabled junction region in vector pKSDINBVdIJR, modified as described above, is 
5 accomplished by insertion of the double-stranded oligonucleotide pair shown below, into 
compatible Pac lINco I ends: 

Read through sense Oligonucleotide: 

5'-TAA CGG CCG CCA C-S* (SEQ. ID NO. 70) 

10 

Read through antisense Oligonucleotide: 

5'-CCA TGG TGG CGG CCG TTA AT-S' (SEQ. ID NO. 71) 

The oligonucleotides above are mixed in equal molar quantities in the presence of 10 '^'^ ^ 

15 mM MgCl2* heated at 95**C for 5 min, then allowed to cool slowly to room temperature, 
yielding the desired intercistronic sequence flanked by Pac I and Nco I sites. The 
intercistronic sequence is then ligated into the appropriate vector containing Pac I and Nco I 
compatible sites. 

EXAMPLE 6 

ExpunssK )N OF Ml n. Tn>Ln Hrteroixxum is Gfnes by Copacicaging 

The ability to copackage multiple RNA molecules in the same alphavirus 
vector particle can be useful for the expression of multiple heterologous gene products fi-om 
a single alphavirus vector particle. In addition, this concept can also be adapted in order to 
allow very large genes to be carried on RNA molecules separate from the alphavirus vector 
RNA containing the nonstructural genes, thus avoiding the need to package very long vector 
RNA molecules. 

In order to accomplish such copackaging, all RNA fragments must contain a 
5* sequence which is capable of initiating transcription of an alphavirus RNA, an alphavirus 
RNA polymerase recognition sequence for minus-strand synthesis, and at least one copy of 
the RNA packaging sequence. At least one of the RNA fragments also must contain 
sequences which code for the alphavirus non-structural proteins. Within preferred 
embodiments of the invention, one or more of the RNA fragments to be copackaged also will 
contain a \dral junction region followed by a heterologous gene. 



25 
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A. CONST?<l JCT]( )N OF C( )r>ACK AaED EXPRESSION CASSETTES FOR EXPRESSION OF 

MiJLTif '1 .R HirrEKi )L( X i( )i hs Genes 

In order to demonstrate the feasibility of copackaging to allow for the 
expression of multiple heterologous genes« two vector constructs are created. The first 
construct consists of a 5' sequence that is capable of initiating transcription of Sindbis virus 
RNA, Sindbis RNA sequences required for packaging, sequences encoding the synthesis of 
nonstructural proteins 1-4, a Sindbis junction r^on, the luciferase gene, and Sindbis 3' 
sequences required for synthesis of the minus strand RNA. The second construct consists of 
a 5' sequence that is capable of initiating transcription of a Sindbis virus, a Sindbis Junction 
region, Sindbis sequences required for packaging. Sequences encoding the LacZ gene, and 
Sindbis 3* sequences required for synthesis of the minus strand RNA. RNA transcripts of 
these constructs transfected into a packaging cell line are copackaged to produce a vector 
particle capable of transferring expression of both luciferase and B-galactosidase into the 
same^eukaryotic cell. rr ^ 

The B-galactosidase reporter gene is inserted into the Sindbis Basic Vector 
(pKSSINBV) followed by deletion of a portion of the Sindbis non-structural proteins from 
the vector. RNA from this construct is cotransfected with RNA from Sindbis Luciferase 
Vector (pKSSINBV-luc) and is copackaged by one of the methods described in Example 7. 
Infection of fresh BHK-21 cells with vector particles containing the copackaged RNA 
expression cassettes should result in the expression of both luciferase and 0-galactosidase in 
the same cell. 

B. Construction oi- a M^dA LACTosiPAsn Expression Casscttf. 

pKSSINBV-Lihker is digested with the enzyme Sach which cleaves 
immediately after the Sindbis 3 -end and poly A sequence. The digested fragment is treated 
with alkaline phosphatase and purified using Geneclean. Two 12 mer oligonucleotides, 

5* GGTTTAAACAGGAGCT 3' (SEQ, ID NO. 72) 
5' CCTGTTTAAACCAGCT 3* (SEQ ID NO. 73) 

which form the Pme I site with Sad compatible ends when hybridized, were phosphorylated 
and ligated into the Sad digested vector. This construct is known as pKSSINBV-Linker- 
Pmel. The Pme I recognition site is substituted for the Sac I site in order to create a site for 
linearization of the plasmid prior to SP6 transcription. The lacZ gene contains several Sac I 
sites. pKSSINBV-Linker-/'/wd is digested with Pmll and Bci I followed by purification 
with GENECLEAN. The lacZ gene is obtained by digestion of pSV B-galactosidase vector 
DNA (Promega Corp., Madison, WI) with the enzyme Hindlll. The digest is blunt-ended 
with Klenow DNA polymerase and dNTPs. The Klenow is heat killed and the plasmid is 
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further digested with Bam HI and Xmn I. Xmn I reduces the size of the remaining vector 
fragment to simplify gel purification of the lacZ fragment. The 3.7kbp lacZ fragment is 
purified from a 1% agarose gel and ligated into the Pml VBcl I digested pKSSINBV-Linker- 
Pmel fragment. This construct is known as pKSSINBV-lacZ. pKSSINBV-lacZ is digested 
S with Bsp El and religated under dilute conditions. This results in the removal of the Sindbis 
nonstructural proteins between nt#422-70S4. This Sindbis construct is known as 
pKSSINBVdlNSP-IacZ. 

pKSSINBVdINSP-IacZ and pKSSINBV-Iuc are linearized with Pmel and 
Sac I, respectively, and SP6 transcripts are prepared as described in Example 3. These RNA 

10 transcripts are cotransfected into packaging cells that express the Sindbis structural proteins 
by one of the mechanisms described in Example?. Each RNA transcript contains a 5* 
sequence that is capable of initiating transcription of a Sindbis virus, RNA sequences 
required for packaging, a Sindbis junction region, a reporter gene, and Sindbis 3' sequences 
required for synthesis of the minus strand RNA. The pKSSINBV-luc transcript also contains 

15 the Sindbis non-structural proteins. In cotransfected cells, both RNA transcripts are 
replicated and some viral particles will contain both RNA transcripts copackaged into the 
same particle. Infection of fresh cells with the copackaged RNA particles will result in cell 
that express both luciferase and 0-galactosidase. 

20 C. COPACKAiSnMG OF Ml ILTIPLR EXPRESSION CASSETTES Tf) INCREASE PACKAfiH^n 

Capacity 

Large genes such as Factor VIII can benefit from copackaging. Briefly, 
insertion of the cDNA coding for Factor VIII into the Sindbis Basic Vector (pKSSINBV) 
results in an RNA transcript approaching 16 kb in length. Because of the increased length, 
25 this RNA cannot be replicated or packaged efficiently. Using approaches described above, 
the Sindbis nonstnictural proteins and the Factor VIII gene could be divided onto separate 
RNA molecules of approximately 8 kb and 9 kb in length, and copackaged into the same 
particles. 



30 D. CoN.STRUcmo N()F A Factor VIII Exprrssion Ca.ssettf. 

The pKSSINBV-Linker-y^/wt'I construct is digested with the enzyme Bsp EI 
and religated under dilute conditions. This results in the removal of the Sindbis nonstnictural 
proteins between nt# 422-7054. This construct is known as pKSSINBVdlNSP-Linker- 
PmeV The pKSSINBVdlNSP-Linker-/'/iiL'l construct is digested with the enzymes Pml I 

35 and Siu I and purified by using Geneclean. The source of Factor VIII cDNA is clone pSP64- 
VIII, an ATCC clone under the accession number 39812 having a cDNA encoding the full- 
length human protein. pSP64-VlII is digested with Sal I, the ends are blunted with T4 DNA 
polymerase and 50 uM of each dNTP, and the ca. 7700 bp. fragment is electrophoresed on a 
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0.7% agarose/TBE gel and purified with Geneclean. The 7.7 kb fragment encoding Factor 
VIII is purified in a 0.7% agarose gel and subsequently ligated to the Pml VSiu I digested 
pKSSINBVdlNSP-Linker-f'm'I fragment. This construct is known as pKSSINBVdlNSP- 
Factor VUI. 

S pKSSINBVdINSP-Factor VIII and pKSSINBV constructs are linearized vAth 

Pme I and Sac I, respectively. SP6 transcripts are prepared as described in Example 3. 
These RNA transcripts are cotransfected into packaging cells that express the Sindbis 
structural proteins by one of the mechanisms described in Example 7. Both RNA transcripts 
contain a 5' sequence that is capable of initiating transcription of Sindbis RNA, sequences 

10 required for RNA packaging, a Sindbis Junction region, and the Sindbis 3' sequences 
required for synthesis of the minus strand RNA. In addition, the pKSSINBV transcript 
contains the Sindbis nonstructural protein genes, and the pKSSINBVdlNSP-Factor Vm 
construct contains the Factor VIIl gene, but not the Sindbis nonstructural protein genes. In 
cotransfected cells, both RNA transcripts are replicated and some viral particles will contain 

15 both RNA transcripts copackaged into the same vector particle. Infection of fresh BHK-2I 
cells with the copackaged RNA will result in Factor VIII expression only if bdth RNA 
molecules are present in the same cell. 

E. Constructi on of an Ai m a Viri is Coi^ackaoinc? Vector 

20 To develop Aura virus expression systems analagous to those described for 

Sindbis, standard techniques known in the art {i\g,, Sambrook et al., Mokadar Cloning: A 
Laboratory Mamial, Cold Spring Harbor Laboratory Press, 1989), as well as specific 
approaches described herein, will be utilized for constructions. Virus, obtained from the 
ATCC, is propagated on cultured cells, its \drion RNA extracted, and cDNA spanning the 

25 entire genome ^thesized and cloned using conventional techniques. This cDNA is then 
used to construct gene transfer vector systems similar in principal to those described above, 
including, but not limited to, a replicon capable of carrying the heterologous gene(s), 
packaging cell lines that express the structural protein genes, and unique to this ^stem, a 
separate packaging-competent subgenomic vector capable of carrying the additional 

30 heterologous gene(s). Since Aura virus subgenomic RNA contains a packaging signal, 
preliminary experiments are performed to identify this sequence, in order to prevent its 
inactivation during replacements with heterologous the gene(s). After identification of the 
packaging sequence, the individual elements of this Aura-based system are generated. 

A basic replicon vector is constructed to contain the following minimum 

35 elements: Aura S* sequences necessary for replication, nonstructural prbtdn coding regions, 
a modified or unmodified junction region for subgenomic mRNA synthesis, a multiple 
cloning site for insertion of heterologous gene(s), one or more copies of the packaging 
signal, and 3' Aura sequences necessary for replication, including a polyadenylate sequence. 
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An upstream bacteriophage RNA polymerase promoter will be utilized for w vitro 
transcription of replicon RNA; alternatively, a eukaryotic RNA polymerase promoter will be 
utilized for transcription directly from cDNA. 

A packaging-competent subgenomic vector is also constructed to contain the 
5 following minimum elements: a modified or unmodified junction region, a multiple cloning 
site for insertion of heterologous gene(sX one or more copies of the packaging ^gnal, and 3' 
Aura sequences necessary for replication/minus-strand synthesis, including a polyadenylate 
sequence. The subgenomic vector may, in some cases, be constructed with the Aura 5* 
replication sequences positioned upstream of the junction region, such that the vector will 

10 function as an amplicon. Transcription of subgenomic vector RNA can be accomplished i/i 
vitro using a bacteriophage RNA polymerase promoter, or cDNA in vivo using a eukaryotic 
RNA polymerase promoter. Further, the initial transcript may be of the sense-configuration 
or of the antisense-configuration. 

Packaging cell lines are also constructed as described previously for Sindbis 

15 vectors, such that mRNA for one or more of the structural proteins will be transcribed from 
the junction r^on and be inducible by the Aura replicon. In other cases, one or more of the 
structural proteins can be expressed under the control of an indudble or constitutive 
eukaryotic promoter. In each case, specific inactivating mutations arc made in any 
packaging sequences present in the structural protein genes, in order to prevent 
20 encapsidation of these sequences with the replicon. These mutations should be silent 
changes, usually at the third position of the codon, which do not affect the amino acid 
encoded. 

The ability to package mukiple heterologous genes can be exploited for many 
therapeutic applications, which include, but are not limited to, expression of multiple 

25 cytokines, multiple CTL epitopes, combinations of cytokines and CTL epitopes to enhance 
inmiune presentation, multiple subunits of a therapeutic protein, combinations of therapeutic 
protdns and antisense RNAs, etc. In addition to its utility for the expression of multiple 
heterologous genes, the packaging of subgenomic mRNAs into virions also enables this 
veaor system for the transfer of extremely long heterologous sequences. Furthermore, this 

30 multipartite approach is useful in the development of producer cell lines, wherein replicase 
proteins and structural proteins are being stably expressed, and any heterologous gene 
contained within a subgenomic vector could then be readily introduced as a stable integrant. 



WO9d/l7072 PCT/US95/15490 

-108- 



EXAKfPLE 7 

CONSTRUCTIC )N ( )F ALPHA VIRUS PAClCACiTNG CELL LlNt? 5: 

5 A. SELECTION OF PARENT CELL LINES FOR ALPHAVIRUS PACKAGING CELL I JMF 
PEVPK^HVffiNT 

1. PERSISTENTLY OR CHRONI CALLY INFECTABLE CELLS 

An important criteria in selecting potential parent cell lines for the creation of 
alphavirus packaging cell lines, is the choice of cell lines that exhibit little of no 
10 cytopathological effects, prior to the appropriate production of alphavirus vector particles. 
This criteria is essential for the development of an alphavirus vector producer cell line which 
can be propagated for long periods of time and used as a stable source of vector. It is known 
that alphavirus infection of most mammalian cells results in cytopathology and lysis of the 
cell. Hpfwever, the derivation of packaging cells from various insect cell lines may 
15 circumvent this problem. For example, insect cell lines, such as Aedes albopictus, Aedes 
aegypii, Spodopiera fntgii^rda^ and Di oKophila melwmgaster cells, may be utilized to 
construct packaging cell lines. For example, within one embodiment, aJphavinis packaging 
cell lines are provided using an configuration uses an insect parent cell line, such as the Aedes 
albopictus, containing a stably transfected expression cassette vector which allows for 
20 expression of alphavirus structural proteins under the control of inducible or non-inducible 
promoters active in these cell types, and co-expressing a selectable marker. 

Recently, a Sindbis virus-induced protein of cellular origin, which has been associated 
with the down-regulation of Sindbis virus production in some infected Aedes albopictus 
cells, has been identified and purified {Virology J94:44), The protein is a small hydrophobic 
25 peptide of approximately 3200 Da., which can induce an antiviral state and inhibit both 49S 
and 26S viral RNA synthesis. Cells treated with the antiviral peptide usually demonstrate 
quiescent arrest of cellular division for 96 hours in uninfected cells, and then normal growth 
rates are restored. Cells that have been exposed to this peptide prior to infection are unable 
to replicate Sindbis virus and appear to maintain this phenotype by constitutively producing 
30 the antiviral protein through 10 months of continuous passage. 

It is recognized that this cellular response to Sindbis replication in Aedes albopictus 
cells might decrease the efficiency of a recombinant alpha>arus vector producing system in 
those cells. To improve the efficiency of alphavirus vector production, two methods have 
been devised to inactivate the virus-induced cellular antiviral protein, thus preventing any 
35 reduction of vector particle titers. The first method entails purification of this cellular protein 
described above, and determination of a portion of the primary amino acid sequence u^g 
established techniques known in the art. The resulting amino acid sequence is then used to 
derive possible corresponding genomic sequences, enabling one to design a degenerate PCR 
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primer p^r which can be used to amplify the specific cellular sequence. This amplified 
sequence is then cloned using standard techniques known in the art, to obtain a discreet 
region of the gene encoding this inhibitory protein. Determination of the nucleotide 
sequence of this clone then enables one to design a vector which vAM integrate specifically 
S within this Sindbis inhibitory gene by homologous recombination, and "knock out" its 
capacity to express a functional protein. Cell clones which contain the knock out sequence 
are identified by insertion of a selectable marker into the dis^eet cloned r^on of the 
inhibitory protein, prior to transfecting cells with the vector. 

A second method for disabling this Sindbis virus inhibitory protein involves the 

10 treatment of Aedes a/bopictus-derived packaging cells with a mutagen^ for example* BUDR 
(5-bromodeoxyuridine). The mutagenized packaging cell line population is then transfected 
or transduced with a Sindbis vector, which is able to express the neomycin resistance marker. 
Under high concentrations of the G418 drug, only those cells producing large amounts of 
Sindbis vector, and thus unable to express the Sindbis'irihibitory gene, v^ll be able to survive. 

IS After selection, resistant colonies are pooled, dilution cloned, and tested for Mgh titer Sindbis 
production. 

2. Modification of cells to ni- crease sufscEPrmTL rrv to alphaviriis 

EXPRESSION: 

20 Si n>pRi-:ssi( )N ( )i - aih naosis and c YTOf>ATHOL( k; v 

Packaging cell lines may also be modified by overexpressing the bcl-2 gene product 
in potential parent cell lines, such as canine D-I7 and Cf2; human HT1080 and 293; quail 
QT-6; baby hamster kidney BHK-21; mouse neuroblastoma N18; and rat prostatic 
adenocarcinoma AT*3. The conversion of these cells to a persistently infectable state allows 

25 for thdr use as alphavirus packaging and producer cell lines, similar to those of retrovector 
producer lines. 

In order to construct such packa^ng cells, a bcl-2 expression vector is constructed 
by using standard recombinant DNA techniques in order to insert the 910 base pair £coRI 
cDNA Augment derived fi^om the plasmid p84 {Nalure 336:259) into any commercially 

30 available expression vector containing a constitutive promoter and encoding a selectable 
marker, for example, pCDNA3 (Invitrogen, San Diego, CA). CarefijI consideration must be 
taken to avoid any type of homology between alphavirus nucleic acid sequences and other 
transduced vectors. This precaution should be taken in order to prevent recombination 
events which may lead to undesirable packaging of selectable markers or the bcl-2 oncogene 

35 in recombinant Sindbis particles. This is an important point, since the alpha\nnjs vector 
^stem described herein is designed for use as a biological therapeutic. Once the bcl-2 
expression vector is constructed, the parent cell line (/.c\, BHK-21 cells) is transfected using 
any standard technique and selected after 24 hours using the appropriate marker. Resistant 
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colonies are pooled, followed by dilution cloning, and then individual clones are propagated 
and screened for bcl-2 expression. Once expression is verified, persistent Sindbis infection is 
tested, followed by its use as a parent cell line for alphaviius packaging cell Une 
development. 

Other gene products, in addition to the bcl-2 oncogene, which suppress apoptosis 
may likewise be expressed in an alphavirus packa^ng or produco* cdl line. Three viral 
genes which are particularly preferred include: the adenovirus ElB gene encoding the 19-kD 
protein (Rao et al.. PNAS S9:7742-7746, 1992), the herpes simplex virus type 1 y,34.5 gene 
(Chou and Roizman. PNAS 3 266-3270. 1992). and the AcMNPV baculovirus p35 gene 
(Clem et al.. Science 13 88- 1390. 1991). These individual genes may be inserted into 
any commercially available plasmid expression vectors, under the control of appropriate 
constitutive eukaryotic transcriptional promoters, and also containing a selectable maricer. 
using standard techniques. The expression vector constructs are subsequently transfected 
v , into cell lines as described above, and the appropriate selection is applied. Selection for 
1 5 stable integration of these genes and constitutive expression their products should allow for 
more extended vector production in cell lines found to be susceptible to alphavinis-induced 
apoptotic events. In addition, it is feasible that each gene product inhibits apoptosis by its 
own unique mechanism. Therefore, the genes may also be introduced into packaging or 
producer cell lines in various combinations in order to obtain a stronger suppressive effect. 
20 Finally, other gene products having similar effects on apoptosis can also be readily 
incorporated into packaging cell lines as they are identified. 

In the derivation of alphavirus vector packaging and producer cell lines, many 
approaches are outlined to control the expression of viral genes, such that producer cell lines 
stably transformed with both vector and vector packaging cassettes, can be derived. These 
25 approaches include inducible and/or cellular differentiation sensitive promoters, antisense 
structural genes, heterologous control systems, and mosquito or other ceUs in which viral 
persistem infections are established. Regardless of the final configuration for the alphavirus 
vector producer cell line, the ability to establish persistent infection, or at least delay ceU 
death as a result of viral gene expression, may be enhanced by inhibiting apoptosis. For 
30 example, the DNA tumor viruses, including adenovirus, HPV, SV40. and mouse 
polyomavirus (Py), transform cells in part, by binding to. and inactivating, the retinoblastoma 
(Rb) gene product pl05 and its closely related gene product. pl07. and other gene products 
involved in the control of the cell cycle including cyclin A, p33«lk2 and p34cdc2 ^11 of these 
vimses. except for Py, encode gene products which bind to and inactivate p53. Uniquely. Py 
35 encodes middle T antigen (mT) which binds to and activates the membrane tyrosine kinase, 
src and also phosphatidylinositol-3-kinase. which is required for the fiill transfonnation 
potential of this virus (Talmage et al.. Ce/l 59:55-65, 1989). The binding to and inactivation 
of the Rb and p53 recessive oncogene products prevents cells transformed by these DNA 
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tumor viruses from entering the apoptotic pathway. It is known that pS3 is able to halt the 
division of cells, in part by inhibiting the expression of proteins associated with cellular 
proliferation, including c-fos« hsc70, and bcl-2 (Miyashita et al., Omcer Research 5^:3131- 
3135,IW4). 

5 In order to extend the duration of alphavinis vector production, or to promote a 

persistently infectable state, packaging and producer cells are transformed with viral genomic 
DNA from Py or SV40. In particular, SV40 and Py transformed cell lines are established, 
and the kinetics and level of Sindbis production and cytopathology after viral infection 
determined. If apoptic events characteristic of Sindbis proliferation in hamster cells are 
10 diminished, each prototype alphavirus packaging and producer cell line subsequently is 
transformed with Py or SV40, in order to increase the yield of packaged vector from these 
cells. 

3. MOPn-ICATlON <)!■ CEI,L.S TO DHCREAX E SUSCEPTIBILrTY TO ALPHAVmiJS 

15 I'XIKKSSION: 

PROOUCTION ok ACmVATIO N^DEPENDENT VECTOR PARTICLES 

The Sindbis E2 glycoprotein is synthesized as a precursor, PE2. This PE2 precursor 
along with the second viral glycoprotein. El, associate in the endoplasmic reticulum and are 
processed and transported to the infected cell membrane as a heterodimer for virion 

20 incorporation. At some point during this processing, PE2 is cleaved into E3 and the mature 
virion glycoprotein E2. E3 is the 64 amino-terminal residues of PE2 and is lost in the 
extracellular void during maturation. The larger cleavage product, E2, is associated with El 
and anchored in what becomes the viral envelope. Host cell protease(s) is responsible for 
proces^ng of the PE2 precursor, cleaving at a site that immediately follows a highly 

25 conserved canonical four amino acid (aa) residue motif, basic-X-basic-basic aa's. A mutant 
cell line derived from the CHO-KI strain, designated RPE.40 (Watson et al., J. Virol 
65:2332-2339, 1991), is defective in the production of Sindbis virus strain AR339, through 
its inability to process the PE2 precursor into the E3 and mature E2 forms. The envelopes of 
Sindbis virions produced in the RPE.40 cell line therefore contain a PE2/E1 heterodimer. 

30 RPE.40 cells are at least 100-fold more resistant to Sindbis virus infection than the parental 
CHO-Kl cells, suggesting an inefficiency in the ability of PE2 containing virions to infect 
these cells. The defective virions produced by the RPE.40 cell line can be converted into a 
fully infectious form by treatment with trypsin. 

In packaging and producer cell lines, any wild-type alphavirus that is produced by 

35 recombination between vector and structural protein gene RNAs will re-infect cells and be 
rapidly amplified; thus« significantly contaminating and decreasing the tito* of packaged 
vector preparations. Packaging and producer cells developed from the RPE.40 line are an 
alternative to other cell lines permissive for alphavirus infection due to the inefficient 
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amplification of any ^Id-type virus generated during vector production and packaging. 
Thus, vector preparations are not significantly contaminated with wild-type vims. 
Furthermore, the benefits of this system are extended to other packaging and producer cell 
lines by developing "knock-out** mutants in their analogous cellular protease(sX using 
5 techniques known in the art. 

4. Hopping cell line develc )pk4ent 

Alphavirus hopping cell lines, as discussed previously, are used transiently to produce 
infectious RNA vector particles which have been pseudotyped for a different cellular 

10 receptor tropism. Once the hopping cell line produces vector particles, it is no longer 
required because only the infectious culture supematants are needed to transduce the ori^nal 
alpha\drus packaging cell lines discussed above. Therefore, the hopping cell line need not 
exhibit persistent infection by alphavirus in order to transiently produce vector particles. In 
this instance, the parent cell line ^an be either an insect cell line that exhibits persistent 

15 infection, or a mammalian cell line which is likely to lyse within 24-72 hours after a 
productive alphavirus infection. The only criteria is that the cell lines are able to express 
either VSV-G protein, with or without the appropriate alphavims structural proteins, or 
retroviral ffag-fH)/ and env protein without affecting cell growth prior to introduction of the 
alphavirus RNA vector. Therefore, the alphavirus hopping cell line can be any of the 

20 aforementioned parent cell lines able to support either alphavirus or retroviral replication, 
>^thout the additional cell modifications discussed previously, such as bcl-2 oncogene 
expression. 

The generation of VSV-G pseudotyped alphavirus vector particles can be 
accomplished by at least three alternative approaches, two of which are dependent on the 

25 stable integration of a VSV-G expression cassette into cells. VSV-G protein is known to be 
highly cytotoxic when expressed in cells. Therefore, synthesis of this protein by the 
expression cassette is controlled by an inducible promoter. Specifically, a DNA fragment 
containing the VSV-G protein gene is isolated firom plasmid pLGRNL (Emi et al., J. Virol. 
65:1202-1207, 1991) by digestion with Bam HI, the termini made blunt using Klenow 

30 fragment enzyme and dNTPs, and the 1.7 kb fragment purified fi-om a 1% agarose gel. 
Plasmid vector pVOELVIS-SINEV-linker (fi-om Example 3), is digested with the enzyme 
Bsp EI to remove Sindbis nonstructural protein coding sequences nts. 422-7054, and the 
remaining vector is re-ligated to itself to generate plasmid pVGELVISdINSP-BV-linker. 
This plasmid is then digested with Xho 1 and the termini made blunt using Klenow firagment 

35 enzyme and dNTPs. The previously purified VSV-G Augment is subsequently ligated with 
this vector DNA, and resulting clones are screened for proper VSV-G insert orientation. 
This pVGELVIS-based VSV-G expression construct, in which VSV-G synthesis is 
controlled by a Sindbis replicon-inducible junction region, is designated pVGELVISdI-G. 
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Alternatively, a similar Sindbis replicon-inducible VSV-G expression cassette may be 
generated in the antisense configuration. In particular, plasmid vector pKSSINBV-linker 
(described in Example 3) is digested with the enzymes Apa I and Bam HI to most of the 
Sindbis nonstructural protein coding region, and the resulting 3309 bp vector fragment is 
5 purified from a 1% agarose gel. In addition, plasmid pd5'-26s (described in section B.3.. this 
example) also is digested with the enzymes Apa I and Bam HI. The resulting 400 bp 
fragment which contains the HDV ribo^mw/Sindbis 5'^nd fUston is purified from a 1% 
agarose gel and subsequently ligated with the purified pKSSINBV-linker vector fragment to 
generate a plasmid designated pdS'-BVlinker. Plasmid pdS'-BVKnker is subsequently 
10 digested with Xho I, the termini made blunt using Klenow fragment enzyme and dNTPs. and 
ligated with the previously purified VSV-G fi-agment. The resulting construct, containing the 
expression cassette elements HDV antigenomic ribozyme/Sindbis 5'-end 299 nts./Sindbis 
junction r^gionA^SV-G protein gene/Sindbis 3*-end untranslated region, is designated as 
,5 plasmid pd5'-BV-G. Insertion of this VSV-G gene cassette into the pcDNA3 Wor is as 
15 follows. Plasmid pd5'-BV-G is digested with the enzymes Pme I and Apa I. and the termini 
are made bjunt by the addition of T4 DNA polymerase and dNTPs. The entire 2.5 icb VSV- 
G protein gene cassette is purified in a \% agarose gel. Plasmid pcDNA3 is digested with 
the enzymes Hindlll and A/xi I and the termini are made blunt by the addition of T4 DNA 
polymerase and dNTPs, and the 5342 bp vector is purified in a 1% agarose gel. The two 
20 purified, blunt-end DNA fragments are subsequently ligated. and the resulting VSV-G 
protein gene expression cassette vector is known as plasmid pCMV/d5'VSV-G. Further 
modifications of the VSV-G expression cassettes pVGELVlSdI-G and pCMV/d5'VSV-G to 
substitute other selectable markers, for example hygromycin resistance or E. coli gpi, for the 
current neomycin resistance, or other promoter dements, for example Drosophilia 
25 metallothionein or hsp 70, for the current CMV, MuLV, and SV40 promoters, may be 
readily accomplished given the disclosure provided herein. 

In a first VSV-G/alphavirus hopping cell line configuration. VSV-G expression 
cassette plasmid DNA (pVGELVISdI-G or pCMV/d5'VSV-G. or modified versions thereoQ 
is transfected into the appropriate cell type (for example. BHK-21 cells) and selection for 
30 G4 1 8 resistance is applied using media containing 400 ng/ml of G4 1 8 as described elsewhere 
in this example. G4 1 8-resistant cells are cloned by limiting dilution and the individual cell 
lines expanded for screening. VSV-G expressing cell lines are detected by tnuisfection with 
any nonstructural protein gene-containing RNA vector (see Example 3) to induce the VSV- 
G expression cassette, followed by immunofluorescence using polyclonal rabbit anti-VSV 
35 antibody as described (Rose and Betgmann. Qfll W:5I3-524. 1983). The stably transfected 
VSV-G expressing cell line, in some cases, is subsequently transfected with plasmid 
expression cassette(s) which express one or more Sindbis structural proteins (described 
elsewhere in this example). For the production of VSV-G pseudotyped alphavinis particles. 
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the appropriate vector RNA is transfected into the VSV-G hopping cell line, and vector 
particle-containing supernatants are recovered at least 24 hours post-transfection. 

In a second VSV-G/alphavims hopping cell line configuration, VSV-G expres^on 
cassette DNA (pVGELVISdI-G or pCMV/d5'VSV-G, or modified versions thereof) is 
transfected into previously derived alphavinis packaging cell lines (described elsewhere in 
this example) and the appropriate selection is applied as described previously. The selected 
cells are cloned by limiting dilution and the individual cell lines expanded for screening. 
VSV-G expressing cell lines are detected by transfection with any nonstructural protein 
gene-containing RNA vector (see Example 3) to induce the VSV-G expression cassette, 
followed by immunofluorescence using polyclonal rabbit anti-VSV antibody as described 
(Rose and Bergmann, CcV/i-/: 5 13-524, 1983). For the production of VSV-G pseudotyped 
alphavirus particles, the appropriate vector RNA is transfected into the VSV-G hopping cell 
line, and vector particle-containing supernatants are recovered at least 24 hours post- 
-transfection. ,^ 

In a third VSV-G/alphavirus hopping cell line configuration, VSV-G expression 
cassette DNA is co-transfected with the appropriate vector RNA into previously derived 
alphavirus packaging cell lines (described elsewhere in this example). Supernatants 
containing pseudotyped vector particles are recovered at least 24 hours post-transfection. 

For the pseudotyping of alphavirus vectors in retroviral packaging cell lines, any cell 
line referenced in the literature, which expresses retroviral gag-pol and efiv sequences, may 
be used to package alphavirus RNA vector that has been engineered to contain a retroviral 
packaging sequence. The retrovirus psi packaging sequence is inserted between the 
inactivated junction region and a synthetic junction region tandem repeat, such that only 
genomic-length vector, and not subgenomic RNA, is packaged by the retroviral envelope 
proteins. Retroviral-based particles containing alphavirus vector RNA arc produced by 
transfecting /// vitro transcribed alphavirus vector RNA using procedures that have been 
described previously. Supernatants with pseudotyped retroviral particles containing 
alphavirus RNA vector are harvested at 24 hours post-transfection, and these supernatants 
are then used to transduce an alphavirus packaging cell line. 

5. IDENTIFICATION OF PAR ENT CELL LINE.S WHICH PRODUCE Af.PHAVmil5; 
RESISTANT TO INACTI VA TION BY in )MAN COMPLEMENT 

Successful intravenous administration of recombinant alphavirus particles requires 
that the vector is resistant to inactlvation in serum. It is well known to those skilled in the art 
that Sindbis grown on BHK cells is sensitive to inactivation, in terms of effective virus titer. 
In order to identify parent cell lines which produce Sindbis particles which are resistant to 
inactivation by human complement, the level of serum inactivation of Sindbis virus grown on 
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multiple cell types is tested. The cell types tested are derived from many species, including 
human, for example, 293 or HT1080 (ATCC No. CCL 121). 

As a source of human complement, approximately 70 mis of blood are collected from 
patients into serum separating tubes (Becton Dickinson, Los Angeles, CA). The blood is 
5 allowed to clot for one half hour at room temperature. After clotting the serum is 
centrifuged at 2000g for 10 minutes at 4''C. The serum is collected and placed into a IS ml 
conical tube (Coming, Coming, NY) and placed on ice. Approximately, 1.1 ml aliquots of 
the serum are placed in 2 ml cryovials, frozen in a dry tce/ethanol bath and stored at -70*'C 
for subsequent serum inactivation assays. Complement inactivated controls are prepared by 
10 heat inactivation of control aliquots for 30 minutes at S6^C. 

To test Sindbis for serum inactivation, two vials containing 1.1 ml of 100% non-heat 
inactivated human serum are used for various ^s preparations. One vial of serum is quick 
thawed at 37^C. The serum is then heated to S6^C for 30 minutes to heat inactivate 
complement present in the serum. Following inactivation the serum is placed on ice. The 
15 second vial is quick thawed at 3TC. After thawing the serum is placed on ice. 

Approximately, 1.0 ml of the non-heat inactivated serum, medium, and heat- 
inactivated serum are placed in separate 1.5 ml tubes (Fisher Scientific, Pittsburgh, PA) and 
mixed with 10^ Plaque Forming units (PFU) of Sindbis virus and incubated at 3TC for 1 
hour. After incubation the tubes are placed on ice. 
20 In order to identify the parent cell line host from which an alphavirus is resistant to 

human serum inactivation, the non-heat inactivated serum, medium, and heat-inactivated 
serum virus preparations are titered by plaque assay on BHK cells. Equivalent virus titers 
r^ardless of incubation with non-heat inactivated serum, medium, or heat-inactivated serum, 
are indicative of parent cell line hosts from which Sindbis virus is resistant to human 
25 complement inactivation. 

B. STRUCTtmAl. PROTTIN RXPRFKSfON CON-STRUCTS 

1. iNnnCTBLR AND CONSTmrnVE .STOTlcniRAl. FTtClTEIN VECTOR EXPRESSION 
CASSETTES 

30 The development of alphavirus packaging cell lines is dependent on the ability to 

synthesize high intracellular levels of the necessary structural proteins: capsid, pE2 and/or 
E2, and El. Unfortunately, high level expression of these proteins, in particular, the 
envelope glycoproteins E2 and El, may lead to concomitant cytopathology and eventual cell 
death. Therefore structural protein expression cassettes have been designed v^th inducible 

35 regulatory elements i^ch control the levels of gene expression, in addition to others which 
maintain constitutive levels of expression. 

In a first configuration, expression of the alphavirus structural protons is under 
control of the RS V LTR, in conjunction vnih the inducible lac operon sequences. This is 
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achieved by insertion of alphavinis cDNA corresponding to the viral structural protein genes 
into the pOPI3 and pOPRSVl vectors (Stratagene). These vectors, used separately, are co- 
transfected with the p3'SS vector (StratageneX which expresses the lac repressor "i** protein. 
In the absence of inducer, for example, Isopropyl-B*D-thiogalactopyranoside (IPTGX the 
5 basal, or constitutive, level of expression of a luciferase reporter gene has been reported to 
be 10-20 copies per celt. Addition of IPTG, results in a conformational change of the 
repressor protein, which results in decreased affinity of the lac i protein for lac-operator 
sequences, permitting high level expression of the heterologous gene. Induction levels in the 
presence of IPTG of 95-fold have been reported for heterologous genes contained in the 
10 pOP13 vector. 

Specifically,, the Sindbis structural protein gene (SP) cDNA is inserted into the 
pOP13 and pOPRSVl vectors as follows. The SP coding region is amplified in toto with a 
primer pair whose S' ends map, respectively, to the authentic AUG translational start and 
UGA translational stop sites, including the surrounding nucleotides corresponding to the 
15 Kozak consensus sequence for efficient translational initiation at Sindbis nt 7638. The 
forward primer is complementary to Sindbis nts 7638-7661, and the reverse primer is 
complementary to Sindbis nts 11,384-11,364. PGR amplification of Sindbis cDNA 
corresponding to the structural protein genes is accomplished by a standard three- 
temperature cycling protocol, using the following oligonucleotide pair: 

20 

Forward primer (763 8F): 



5'.TATATGCGGCCGCACCACCACCATGAATAGAGGATTCTTTAACATGC-3' 
(SEQ. ID NO. 74) 

25 

Reverse primer (1 1384R): 



5'-TATATGCGGCCGCTCATCTTCGTGTGCTAGTCAG-3' 
(SEQ. ID NO. 75) 

30 

In addition to their respective complementarities to the indicated Sindbis nts, a 5 
nucleotide "buffer sequence" followed by the Noi I recognition sequence is attached to the 5* 
ends of each primer. Following PGR amplification, the 3,763 bp fi-agment is purified in a 1% 
agarose gel, then subsequently digested wth the Noi I enzyme. The resulting 3,749 bp 
35 fiagment is then ligated, separately, into the pOPI3 and pOPRSVl vectors, which are 
digested with Noi I and treated with calf intestine alkaline phosphatase. These expression 
cassette vectors, which contain the entire coding capacity of the Sindbis structural proteins 
are known as pOPI3-SINSP and pOPRSVI-SINSP. 
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Variations of the lac operon-Sindbis structural protein gene expression cassettes also 
can be constructed using other viral, cellular or insect-based promoters. Using common 
molecular biology techniques known in the art, the lac operon and the RSV LTR promoter, 
or just the RSV LTR promoter, sequences can be switched out of the Stratagene pOP13 and 
5 pOPRSVl vectors and replaced by other promoter sequences, such as the cytomegalovirus 
major immediate promoter (pOPCMV-SINSP); the adenovirus major late promoter 
(pOPAMLP-SINSP); the SV40 promoter (pOPSV-SINSP): or insect promoter sequences, 
which include the Drosophila metallothionein inducible promoter (pMET-SINSP), 
Drosophila actin 5C distal promoter (pOPA5C-SINSP), heat shock promoters HSP6S or 
1 0 HSP70 (pHSP-SINSP), or the baculovirus polyhedrin promoter (pPHED-SINSP). 

2. Modification ( w casscttes to increase protein expres^ston lrvkt s 
Alphavirus structural protein expression can be increased if the level of mRNA 
transcripts is increased. Increasing the level of mRNA transcripts can be accomplish^djby 
IS modifying the expression cassette such that alphavirus nonstructural proteins recognize these 
transcripts, and in turn, replicate the message to higher levels. This modification is 
performed by adding the wild-type minimal junction region core (nucleotides 7579 to 7602) 
to the extreme 5 -end of the Sindbis structural protein coding region, prior to the first 
authentic ATG start site for translation and inverting the expression cassette in the vector, so 
20 as to produce antisense structural protein gene transcripts. This can be accomplished by 
following the same PCR amplification technique described above for placing the Sindbis 
structural protein cDNA into the pOP13 and pOPRSVl expression vectors. The only 
modification to this procedure is the replacement of the 7638F forward primer with a sinular 
primer that includes junction region core nucleotides 7579-7602 between the Noi I 
25 restriction en^e site and the first ATG of the coding region as follows: 

Forward primer (JUN7638F): 

5'-TATATGCGGCCGCATCTCTACGGTGGTCCTAAATAGTACCACCACC- 
30 ATGAATAGAGGATTC-3' (SEQ. ID NO. 76) 

Following PCR amplification, the resulting 3,787 bp Augment is purified in a 1% 
agarose gd, then subsequently digested with the Not I enzyme. The resulting 3,773 bp 
fifagment is then ligated, separately, into the pOP13 and pOPRSVl vectors which are 
35 digested with Noi I and treated vi^th calf intestine alkaline phosphatase. The resulting 
expression cassette vectors are known as pOP13-JUNSINSP and pOPRSVl-JUNSINSP. 
However, it must be stated that the introduction of junction region sequences into the 
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structural protein expression cassettes will introduce sequences which may possibly lead to 
undesirable recombination events, leading to the generation of wild-type virus. 

3. iNnUCmE EXl'RESSIf )N OF STRI ICTURAl. PRnTFIN S VIA AI.PHAVrefK vpr-^ p 

5 Because of potential cytotoxic effects from structural protein expression, the 

establishment of inducible packaging cell lines which express even modest basal levels of 
these proteins may not always be preferred. Therefore, packa^ng cell line expresaon 
cassettes are constructed which contain regulatory elements for the high levd induction of 
structural protein qmthesis via nonstructural protdns supplied in trans by the alphavirus 
10 vector, but with no basal level of synthesis until appropriately stimulated. 

In this configuration, a structural protein gene cassette is constructed, whereby 
transcription of the structural protein genes occurs from an adjacent alphavirus junction 
region sequence. The primary features of this cassette are: an RNA polymerase n promoter 

^ u positioned immediately adjacent to alphavirus nucleotide 1, such that tiAftscription initiation 
15 begins with authentic alphavirus nucleotide 1, the 5'-end alphavirus sequences required for 
transcriptase recognition, the alphavirus junction r^ion sequence for expression of the 
structural protein gene mRNA, the alphavirus structural protein gene sequences, the 3'-end 
alphavirus sequences required for replication, and a transcription termination/polyadenylation 
sequence. Because of an upstream open-reading frame which ends in translation termination 
20 codons prior to the AUG start site of the structural protein genes, expression of the 
alphavirus structural proteins can occur only after the synthesis of minus-strand RNA by 
vector-supplied nonstructural proteins, followed by the subsequent transcription of a 
structural protein gene mRNA from the junction region. Therefore, the inducibility of this 
system is dependent entirely on the presence of nonstructural proteins, supplied by the 

25 alphavirus vector itself, introduced as either RNA transcribed //; vitro, or cDNA positioned 
downstream of an appropriate promoter element. In addition, the 5'- and 3'-cnd alphavirus 
sequences allow for this RNA transcript of the structural protein gene cassette to be 
amplified by the same vector-supplied nonstructural proteins {see Figure 1 1). 

Specifically, the construction of a positive-sense, vector-indudble Sindbis packaging 

30 cassette is accomplished as follows. Briefly, the pVGELVIS vector described previously is 
digested vwth the en^me Hsp EI to remove nucleotides 422 to 7054. including most of the 
nonstructural gene coding sequences, and the remaim'ng 9925 bp fragment is purified m a 
0.8% agarose gel, and subsequently re-ligated to itself to generate the constnict known as 
pLTR/SindlB^E (Figure II). This deletion leaves the 5'-end authentic translation start 

35 codon at nts 60-62 intact, and creates in-frame downstream UAA and UGA stop codons at 
nts 7130-7132 and 7190-7192 {original numbering), respectively, thus preventing translation 
of the dovmstream structural protein gene open-reading frame. The pLTR/SindlBjpE 
packaging cassette construct is subsequently transfected into BHK cells (ATCC #CCL 10) 
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and transfectants are selected using the G418 drug at 400 ug/ml and cloned by limiting 
dilution. After expansion of the transfected clonal lines, screening for packaging activity is 
performed by transfection of Sindbis-luciferase (Sin-luc) vector RNA as described 
previously. The data shown in Figure 12 demonstrate that transfection of Sin-luc vector 
5 RNA into several of these clonal LTR/Sindlff^E packaging cells results in the production of 
infectious Sindbis particles containing the Sin-luc RNA, as the recovered supematants are 
shown to transfer Sin-luc vector RNA to fresh monolayers of BHK cells. 

A similar packaging construct can also be made using the pVG-ELV5Sd clone 
(described previously) as initial material for creation of the Bsp EI deletion. In this clone, the 
10 Sindbis 3'.end sequence is followed by a catalytic ribozyme sequence to allow more precise 
processing of the primary transcript adjacent to the 3'-end sequences of Sindbis. In addition, 
a wide variety of variations of these packaging cassette constructions can be made given the 
disclosure provided herein, including for example, the substitution of other RNA polymerase 
promoters for the current MuLV LTR.. the addition of 1 or more nucleotides between the 
15 RNA polymerase promoter and the first Sindbis nucleotide, the substitution of other 
ribo^e processing sequences, or the substitution of a non-Sindbis-encoded op^ reading 
frame upstream of the structural protein gene sequences, which may or may not retain the 5'- 
end Sindbis sequences required for transcriptase recognition. Furthermore, these constructs 
can be transfected into other cell lines, as discussed previously 
20 In another vector-inducible packaging configuration, expression cassettes contain a 

cDNA copy of the alphavirus stmctural protein gene sequences flanked by their natural 
junction and 3 -untranslated regions, and are inserted into an expression vector in an 
orientation, such that primary transcription from the promoter produces antisense structural 
protein gene RNA molecules. Additionally, these constructs contain, adjacent to the junction 
25 region, alphavirus 5'-end sequences necessary for recognition by the viral transcriptase, and a 
catalytic ribozyme sequence positioned immediately adjacent to alphavirus nucleotide 1 of 
the 5'-end sequence. As such, this ribozyme cleaves the prinruuy RNA transcript precisely 
after the first alphavirus nucleotide. In this antisense orientation, the structural protein genes 
cannot be translated, and are dependent entirely on the presence of alphavirus virus 
30 nonstructural proteins for transcription into positive-strand mRNA, prior to their expression. 
These nonstructural proteins again are provided by the alphavirus vector itself In addition, 
because this configuration contains the precise alphavirus genome 5 - and 3'-end sequences, 
the structural protein gene transcripts undergo amplification by utilizing the same 
nonstructural proteins provided by the alphavirus vector. 
35 Specifically, the Sindbis structural protein gene cDNA is removed from the genomic 

clone pVGSP6GEN and inserted into the pcDNA3 (Invitrogen Corp., San Diego, CA) 
expression vector as follows. First, plasmid pVGSP6GEN is digested with the enzymes 
Apa I and bam HI to remove all Sindbis sequences through nucleotide 7335, induding the 
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genes encoding nonstructural proteins 1, 2, 3, and most of 4. The remaining 728S bp vector 
fragment, which contains the Sindbis structural protein genes, is purified in a 0.8% agarose 
gel, and subsequently ligated with a polylinker sequence, called StnMCS, that is obtained by 
annealing two synthetic oligonucleotides. The oligonucleotides, SinMCSI and SihMCSII, 
5 contain the recognition sit^ for Cla I, Bgl II, and S/fe I, and have Apa I and Bam HI ends 
after annealing. Their sequences are as follows: 

SinMCSI: 

10 5*.CTCATCGATCAGATCTGACTAGTTG-3' (SEQ, ID NO. 77) 
SinMCSII: 

5'.GATCCAACTAGTCAGATCTGATCGATGAGGGCC.3' (SEQ. ID NO. 78) , : % 



The resulting construct, known as pMCS.26s, is then modified to contain the S**end 
299 nucleotides of Sindbis^ fused to an 84 nucleotide ribozyme sequence from the 
antigenomic strand of hepatitis delta virus (HDV) {Nature 350:434), using overlapping PGR 
amplification. Two primer pairs are used initially in separate reactions, followed by their 
20 overlapping synthesis in a second round of PGR. In reaction #1, the forward primer 
(HDV49.XC) is complementary to HDV genome nucleotides 823-859, and the reverse 
primer (HDV 1 7-68) is complementary to HDV genome nucleotides 839-887, with 
sequences as follows: 

25 Forward primer (HD V49-XC): 

5'-ACTTATCGATGGTTCTAGACTCCCTTAGCCATCCGAGTGGACGTG- 
CGTCCTCCTTCO' (SEQ. ID NO. 79) 

30 Reverse primer (HDV 1 7-68): 

S'.TCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGCAC- 
GTCCACT-3' (SEQ. ID NO. 80) 

35 In addition to their respective complementarities, primer HD V49-XC contains flanking Xba I 
and Cla I recognition sequences at the 5*-end. PGR amplification of HDV sequences is 
accomplished by a standard three-temperature cycling protocol with these primers and Vent 
polymerase. In reaction #2, the forward primer (SIN-HDV), which joins precisely the HDV 
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and Sindbis sequences, is complementary to nucleotides 1-21 of Sindbis, and genomic 
nucleotides 871-903 of HDV, and overlaps the sequence of primer HDV 17-68 (from above) 
by 20 nucleotides, and the reverse primer (SIN276-SPE) is complementary to Sindbis 
nucleotides 299-276, with sequences as follows: 



Forward primer (SIN-HDV): 

5'-TCGGACCGCGAGGAGGTGGAGATGCCATGCCGACCCATTGACGGC- 
GTAGTACACACT-3" (SEQ. ID NO. 81) 

10 

Reverse primer (SIN276-SPE):, 

5'.CTGGACTAGTTAATACTGGTGCTCGGAAAACATTCT.3' 
(SEQ. ID NO. 82) 



In addition to their respective complementarities, primer SIN276-SPE contains a flanking 
UAA translation termination codon and Spel recognition sequence at its 5' end. PGR 
amplification of the fragment containing Sindbis 5'-end sequences fused to HDV ribozyme 
sequences is accomplished by a standard three-temperature cycling protocol, using Vent 

20 polymerase, these primers, and pVGSP6GEN plasmid as template. After the first round of 
PGR amplification, I /20th of the total amounts from each of reaction #1 and reaction #2 is 
combined and used as template in a second round of PGR amplification with additional input 
of primers HDV49.XC and SIN276.SPE and a standard three-temperature cycling protocol. 
Following the second round of PGR, the 414 bp amplicon is purified with the MERMAID 

25 KIT (BiolOl, La Jolla, CA), and digested with the enzymes Clal and Spcl. The digested 
amplicon is purified in a 1% agarose gel, and subsequently ligated into plasmid pMCS-26s, 
which also is digested with Clal and Spel and purified in a 1% agarose gel. The resulting 
construct, containing the expression cassette elements HDV antigenomic ribozyme/Sindbis 
5-end 299 nts/Sindbis junction region/Sindbis structural protein genes/Sindbis 3*-cnd 

30 untranslated region, is known as pd5'26s. 

Insertion of the structural protein gene cassette fi-om pd5'26s into the pcDNAS vector 
is performed as follows. Plasmid pdS*26s is digested with the enzyme Xba I and the 3- 
recessed ends are made blunt by the addition of Klenow enzyme and dNTPs. The entire 
4798 bp structural protein gene cassette is purified in a 1% agarose gel. Plasmid pcDNA3 is 

35 digested with the enzymes HhidlW and Aihx I and the ends are made blunt by the addition of 
T4 DNA polymerase enzyme and dNTPs, and the 5342 bp vector is purified in a 1% agarose 
gel. The two purified, blunt-end DNA fi*agments are subsequently ligated, and the resulting 
structural protein gene expression cassette vector is known as pCMV-d5*26s {see Figure 11). 



5 



15 
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Transfection of this DNA into cells and selection for G4I8 resistance is performed as 
previously described. 

Modifications of the CMV promoter/anttsense-Sindbis structural protdn vector also 
can be constructed using other viral, cellular, or insect-based promoters. Using common 
S molecular biology techniques know in the art, the CMV promoter can be sv^tched out of the 
Invitrogen pcDNA3 vector and replaced by promoters such as those listed previously. Other 
variation of this antisense packaging cassette may include, but are not limited to: the 
addition of 1 or more nucleotides between the first Sindbis nucleotide and the catalytic 
ribozyme, the use of longer or shorter HDV or other catalytic ribozyme sequences for 
10 transcript processing, the substitution of a precise transcription termination signal for the 
• catalytic ribozyme sequence, or the antisense expression of structural protein gene cassettes 
u^ng any downstream sequence recognized by an RNA polymerase which results in 
transcription of a structural protein gene mRNA. 

Further, it should be noted that each of the vector-inducible constructs described 
15 contains sequences homologous to the Sindbis vector itself Therefore, the potential exists 
for the generation of wild-type virus by recombination between the two RNA molecules. 
Additional modifications may be made to eliminate this possibility as described below. 

4. Separation of str\ jcitjr al pkc )TCrN ciENEs to prevent recombination 
20 Packaging cell lines may also be generated which segregate the integration and 

expression of the structural protein genes, allowing for their transcription as non- 
overiapping, independent RNA molecules. For example, the expression of capsid protein 
independently of glycoproteins E2 and El, or each of the three proteins independent of each 
other, eliminates the possibility of recombination with vector RNA and subsequent 
25 generation of contaminating wild-type virus. 

Specifically, capsid protein is expressed independently from an inducible expression 
vector, such that sequences which might resuk in recombination with vector RNA are 
eliminated. As an example, the capsid protein gene is amplified from plasmid pVGSP6GEN 
with a primer pair complementary to nucleotides 7632-7655 (forward primer) and 8415- 
30 8439 (reverse primer), with sequences as follows: 

Forward primer (Sin7632F): 

5*-GTCAAGCTTGCTAGCTACAACACCACCACCATGAATAGAG.3' 
35 (SEQ.IDN0.83) 



Reverse primer (Sin8439R): 
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30 



35 



5'.CAGTCTCGAGTTACTACCACTCTTGTGTCCCTTCCGGGGT-3' 
(SEQ. ID NO. 84) 

In addition to their respective complementarities, the forward primer contains Nhe I and 
5 HinWl recognition sequences at its 5'-end. and the reverse primer contains both UAG and 
UAA translation stop codons and a A»o / recognition sequence at its 5'-end. Amplification is 
accomplished using a standard three-temperature cycling protocol, and the resulting 
amplicon is digested with the enzymes Nhe I and Xho /. and purified in a 1% agarose gel. 
Expression plasmid pMAM (Clontech). which contains a dexametiiasone-indudble MMTV 

1 0 LTR promoter sequence, is digested with the enzymes Nhe I and Xho I and the plasmid DNA 
purified in a 1% agarose gel. The capsid protein gene fragment is ligated into the pMAM 
vector, and the resulting construct is known as pMAM-SinC. Plasmid pMAM-SinC is 
transfected into the appropriate cell line as described previously and selection for stable 
transfectants is accomplished by using HAT (hypoxanthine, aminopterin,' thymidine) media, 

15 supplemented with diaiyzed fetal calf serum, mycophenolic acid and xanthine, as described 
by Mulligan and Berg {PNAS 7»:2072-2076. 1981). Cell lines expressing capsid protein are 
identified following dexamethasone induction by immunofluorescence using polyclonal rabbit 
anti-Sindbis antibody. 

Alternatively, capsid protein is expressed using the lac-inducible vectors (Stratagene) 
described previously. The Sindbis capsid protein gene is amplified by PCR using primers 
Sin7632F and Sin8439R (described previously), and ligated with TA vector DNA 
(Stratagene). The resulting plasmid, designated TA/SinC. is digested with Eco RI, tiie 
termini are made blum by the addition of Klenow fragment enzyme and dNTPs, and die 
capsid protein gene purified from a 1% agarose gel. Plasmid vectors pOP13 and pORSVl 
are digested with Noi I. their termini made blunt by the addition of Klenow fragment enzyme 
and dNTPs, and subsequently treated with calf intestinal alkaline phosphatase. The capsid 
protein gene is ligated with both pOP13 and pORSVl vector DNA to generate the 
expression constmcts designated pOP13CAP and pORSVlCAP, respectively. Each plasmid 
is co-transfected with p3'SS into the appropriate cell line as described previously, and 
selection for stable transfectants is accomplished using G4 1 8 and hygromycin selection. CeU 
lines expressing capsid protein are identified following IPTG induction by 
immunofluorescence using polyclonal rabbit anti-Sindbis antibody. 

The glycoprotein genes. El and E2. are expressed together using one of the indudble 
systems previously described. For example, the Sindbis El and E2 genes are amplified from 
plasmid pVGSP6GEN using a primer pair complementary to Sindbis nucleotides 8440-8459 
(forward primer) and Sindbis nts 11,384-11.364 (reverse primer). PCR ampUfication is 
performed using a standard three-temperature cycling protocol and the following 
oligonucleotide pair: 
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Reverse primer (1 1384R): 

5'-TATATGCGGCCGCTCATCTTCGTGTGCTAGTCAG-3' 
5 (SEQ.IDN0.75) 

Forward primer (8440F): 

5'-TATATGCGGCCGCACCACCATGTCCGCAGCACCACTGGTCACG-3' 
10 (SEQ. ID NO. 85) 

In addition to their respective complementarities, the forward primer contains an "in-frame" 
AUG translation initiation codon, and both primers contain a Noil recognition sequence at 
their S -ends. Following PCR amplification, the amplicon is digested with the Notl esaymt 

IS and purified in a 1% agarose gel. The resuhing fragment is then ligated separately into the 
pOP13 and pOPRSVI vectors (Stratagene), digested with Not I and treated with calf 
intestinal alkaline phosphatase, as described previously, these glycoprotein expression 
vectors are used to transfect cells that have been previously transfected with a capsid protdn 
expression construct, and stable glycoprotein gene transfectants are identified by selection 

20 for G4 1 8 and hygromycin resistance. 

Alternatively, the El and E2 glycoproteins are expressed under the control of the 
repIicon*inducible junction region promoter, described previously. The ELVIS expression 
plasmid pVGELVISOSINBV-linker (Example 3) is digested with the enzyme Not I, and 
treated with calf intestinal alkaline phosphatase. PCR amplified Sindbis EJ and E2 

25 glycoprotein genes digested with Not 1 (previous paragraph) are then ligated to the ELVIS 
vector to generate a construct designated pVGELVIS-El/E2. Plasmid pVGELVIS-El/E2 
subsequently is digested with the enzyme Bsp El, removing most of the nonstructural protdn 
gene coding region, and the remaining El- and E2-containing vector DNA is re-Iigated to 
itself, creating an inducible expression cassette identified as pVGELVdl-El/E2. This 

30 glycoprotein expression vector is used to transfect cells that have been previously transfected 
with a capsid protein expression construct, and stable glycoprotein gene transfectants are 
identified by selection for G418 resistance. For both the capsid and envelope glycoprotein 
expression cassettes, additional mammalian or non-mammalian (including insect>derived 
promoters, which may or may not be inducible, are readily substituted for those described 

35 above, using standard techniques known in the art. 
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5. ASSEMRLIN( I TUn COVn'ONFF NTS TO CRHATE THE ALPHA VIRUS PACKAGINO CPT.T 

For example purposes, the BHK-21 cell line and replicon-indudble packaging 
expression cassette are used to demonstrate assembly of the components. However, other 
possible parent cell lines can be used to create alphavinis packaging cell lines and have been 
discussed previously. Briefly, BHK-21 cells (CCL 10) are grown at 3TC in 5% CO2 in 
Dulbecco's modified Eagle's Media (DMEM), 2 mM L-glutamine, and 10% fetal bovine 
serum (optimal media). Approximately 5 x 10^ BHK.21 cells, grown in a 35 mM petri dish, 
are transfected with 5 ug pLTR/Sindlfi^pE using 5 ul of the Transfectam (Promega) cationic 
lipid reagent, in serum-free media conditions, as suggested by the supplier. However any 
method of transfection is rapidly substituted, by electroporation, calcium phosphate 
precipitation, or by using any of the readily available cationic liposome formulations and 
procedures commonly known in the art. At 24 hours post-transfection, the cells are 
trypsinized and reseeded ih^lOO mm dishes in 10 ml of optimal media, as described above, 
supplemented with 400 ug/ml of G4I8 (Gibco/BRL) and selected over a period of 5 to 7 
days. Colonies displaying resistance to the G418 drug are then pooled, dilution cloned, and 
propagated. Individual clones are screened for high levels of Sindbis structural protdn 
expression and functional packaging after transfection with Sindbis-luciferase vector RNA 
transcribed /// vi/ro from Sad linearized plasmid pKSSINBV-luc (see Example 3). 
Specifically, clonally-derived pLTR/SindWA/^E transfected BHK-21 cells (referred to as 
LTR/Sindl5ApE or BK-Bxp cells) grown in 60 mm petri dishes are transfected with 2 ug of 
Sindbis-luciferase vector RNA and overiayed with 3 ml of optimal media (see above). At 20 
hours post-transfection, the supernatants are removed, and clarified by centrifugation for 30 
min. at 3000 rpm in a Sorvall RT6000B tabletop centrifiige. In addition, the transfected cell 
monolayer is lysed in reporter lysis buffer (Promega) as described by the manufacturer, and 
assayed for ludferase expression as described previously. 

The transfer of luciferase activity (and thus functional packaging) is tested by using 1 
ml of the above supernatants to infect fresh monolayers of BHK.21 cells in 60 mm dishes. 
At 20 hours post-infection, the cell monolayers are lysed as described above, and tested for 
luciferase expression. As shown in Figure 12, three clones (#13, 18, and 40) produce 
packaged Sindbis-luciferase vector and are the first examples of alphavirus packaging cell 
lines. In addition, transfected clone #IS cells are tested for increased vector packaging over 
a timecourse following transfection. Supernatants from transfected clone #18 cells are 
harvested at 20, 45, and 70 hours post-transfection, as described above, and used to infect 
fresh monolayers of BHK-21 cells. Figure 13 shows that Sindbis-luciferase vector packaging 
increases significantly at 45 hours post-transfection, as compared to 20 hours post- 
transfection. Expression also can be tested by western blot analysis u^ng polyclonal rabbit 
anti-Sindbis antibodies (available in the literature). 
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C. INDUCIBLE VECTOK AND STKUCII JRAL PROTEIN EXr'REXSlON FDR ALPHA VIRUS 
PRODUCER CELL LINES 
1. USE OF VIRAL PROMOTERS 

5 The challenge of developing an alphavirus vector producer cell line lies in the 

question of whether a virus^ whose infection of mammalian cells results almost exclusively in 
productive lytic cell death, can be modified to establish persistent infection in these same 
cells. One approach is to generate alphavirus vector producer lines from mosquito cells, 
where viral persistence often results after infection. However, the titer of infectious vims 

10 produced in persistently infected mosquito cells is only about 1x10^ PFU/ml, at least five 
orders of magnitude less than that observed after lytic infection of BHK cells by Sindbis. 

Several strategies are described for inducible alphavirus vector producer cell lines, 
containing both vector and \dral structural gene cassettes* such that productive cytolytic 
infection occurs only- after the correct stimulus. Because these approaches operate on a 

15 "feed forward" level, any leakiness in the system will result in initiation of the alphavirus 
replication cycle and probable cell death. Therefore, tightly regulated control mechanisms 
are necessary for such a system. 

The hallmark of development is the differentiation state-dependent pattern of gene 
expression. Briefly, gene expression patterns differ widely between undifferentiated and 

20 terminally differentiated states. Thus, a cell whose differentiation state can be controlled is 
likely an ideal host in which to derive an alphavirus vector producer cell line. In such a 
configuration, the vector expression cassette and, in some instances, structural components 
are coupled to terminal diflferentiation state-inducible promoters, according to the strategy 
described for ELVIS, and used to transform stably an undifferentiated host cell. Temunal 

25 differentiation of the host producer cell after induction with the appropriate stimuli 
coincidentally results in induction of the alphavirus replication cycle and production of 
packaged vector. Other strategies described herein, including antisense structural genes and 
heterologous viral expression systems* are readily coupled with cellular differentiation state- 
dependent promoters described below. 

30 In this approach, four examples are described, using either a viral or cellular 

promoter which are active in only terminally differentiated cells. 

It has been shown that mouse Polyomavirus (Py), SV40, and Moloney murine 
leukemia virus (M-MuLV), all are able to infect and enter undifferentiated mouse embiyonal 
carcinoma (EC) cells, but the expression of their genes (and heterologous genes) and 

35 establishment of productive infection is blocked (Swartzendruber and Lehman, J. Cell 
Physiol. «J:179-188, 1975; Peries eial., J. NalL Cancer InsL 59:463-465, 1977). These 
viral growth properties also have been demonstrated in two cell lines, PCC4 and F9, which 
are derived from the malignant stem cells of mouse teratorcarcinomas. The block to viral 
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propagation occurs at the level of transcription and replication, and maps to the enhancers, 
contained within the viral non-coding control regions (Linney et al.. Nature 308:470-472, 
1984; Fujimura et al.. Cell 2i:809-8l4, 1981; Katinka and Yaniv. Cett 20:393-399. 1980). 
When M-MuLV infects undifferentiated EC cells, the viral DNA in^rates into the genome. 
5 However, as stated above, expression of viral genes or of h^erologous genes is blocked. 
This block of viral expression is released upon terminal dilTerenttation of EC cdls by addition 
of retinoic acid to the growth medium. 

To test the RNA expression properties of the pVGELVIS construct in EC cdls, 
plasmid DNA is complexed with LIPOFECTAMINE (GIBCO-BRL. Gaithersburg. MD) 
10 according to the conditions suggested by the supplier (ca. 5 ng DNA/8 ng lipid reagent) and 
added to 35 mm wells containing undifferentiated PCC4 or F9 cells (Fujimura et al., 1981, 
Cell 23:809-814) at approximately 75% confluency. The development of cytopathic effects 
(CPE), and the level of Sindbis productive infection, quantitated by plaque assay of media 
. , supernatant, is determined at regular intervals over 5 days in undifierentiated and 
15 differentiated transfected PCC4 or F9 cells. Differentiation of F9 and PCC4 cells is 
accomplished by addition of retinoic add (Sigma Chemical Co., St. Louis, MO), at a final 
concentration of 1 |.iM. 

It has been proposed that the hierarchy of relative expression of heterologous genes 
observed in undifferentiated EC cells infected with M-MuLV vectors may be in part 
20 insertional dependent (Linney et al., 1987. ./. Viro/. dy:3248.3253). Thus, undifferentiated 
EC cells transfected with pVGELVIS may likely produce different results, in terms of 
transcription of the Sindbis genomic cDNA and, in turn, initiation of the viral life cycle. In 
this event, following G418 selection of pVGELVIS transfected undifferentiated EC cells, 
remaining cdls are doned and expanded. The cell dones are then tested for the production 
25 of Sindbis virus after differentiation by addition of retinoic add (Sigma Chemical Co., St. 
Louis. MO), at a final concentration of I mM. 

To isolate vector packaging cdl lines, whose production of stnictural protdns in the 
presence of Sindbis NSP is cell differentiation state dependent, undifferentiated F9 or PCC4 
cdls are transfected with pLTR/SINdlfls/^E and G418 selected as described above. 
30 Differentiation state-sensitive clones are then sdected by infection at high mukiplidty with 
packaged SIN-luc vector. Clones which are resistant to cell lysis or do not produce 
packaged SIN-luc vector partides, are candidate vector packaging dones. These candidate 
dones are tested for SIN-luc vector partide production following terminal differentiation 
with retinoic add, as described. 
35 The murine wild type polyomavirus (Py) is unable to replicate in the teratocardnoma 

cdl lines PCC4 or F9. This block of replication in undifferentiated cdls occurs at the levd of 
transcription of early region {i.e.. T antigen) genes, and is released by induction of terminal 
differentiation with vitamin A. Py mutants which are able to establish productive infection in 
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undifTerentiated PCC4 and F9 cells map to the viral enhancer re^on. The genesis of an 
embryonic tissue specific transcriptional enhancer element has resulted in these mutants. In 
order to exploit this property of inhibition of Py replication in undifferentiated 
teratocarcinoma cell lines, the viral regulatory non-coding region^ including the enhancer, is 
S coupled to the genomic cDNA of Sindbis virus, according to the ELVIS strat^. The 
precise transcriptional start site of the Py early region has been determined (see Tooze, DNA 
Tumor Viruses). The PCC4 and F9 cell lines are stably transformed with the Py-Sindbis 
vectors. In this model Sindbis productive infection occurs after addition of retinoic add to 
the culture medium and induction of terminal differentiation. 

10 The Py non-coding region from bases 5021 -1 52, which includes the sequences 

corresponding to the viral enhancer^, 21 bp repeats, replication origin, CAAT and TATA 
boxes, and the eariy mRNA transcription S* cap site, is positioned at the 5* viral end such that 
n v/vo, only a single capped C residue is added to the Sindbis S' end. Juxtaposition of the Py 
non-coding region and the Sindbis S' end is accomplished by overiapping PCR as described 

IS in the following detail. Amplification of the Py non-coding region in the first primary PCR 
reaction is accomplished in a reaction containing the pBR322/Py, strain A2 plasmid (ATCC 
number 4501 7.p53.A6.6 (pPy-l)) and the following primer pair: 

Forward primer: Pvbul5021F (buffer seauence/^iV II recognition seouen ce/Pv nts SQ2K 
20 5043}: 

5'-TATATAGATCTCTTGATCAGCTTCAGAAGATGGC (SEQ. IDNO. 86) 
Reverse primer: SIN Pvl52R fSINntsS-l/Pvms 152-n4V 

25 

S'-TCAATGGCGGGAAGAGGCGGTTGG (SEQ. ID NO. 87) 

PCR amplification of the Py non-coding region with the primer pair shown above is 
performed using the Thermalase thermostable DNA polymerase (Ameresco Inc., Solon, 
30 Ohio) and the buffer containing 1 .5 mM MgCl2, provided by the supplier. Additionally, the 
reaction contains 5% DMSO, and the Hot Start Wax beads (Perkin-Elmer), using the 
following PCR amplification protocol shown below: 



Temperature (T) Time (Min.) No. Cycles 

94 2 1 

94 0.5 

55 0.5 35 

72 0.5 
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72 10 1 



Amplification of the Sindbis 5' end in the second prinufy PCR reaction is 
accomplished in a reaction containing the p VGSP6GEN clone and the following primer pair: 

S Forward Primer: fPvnts 13g-152/SINnts I-16V 



5'.CCGCCTCTTCCCGCCATTGACGGCGTAGTAC (SEQ. ID NO. 88) 
Reverse nrimer- f .SIM nts 3 1 82-3 160V 

10 

5'-CTGGCAACCGGTAAGTACGATAC (SEQ. ID NO. 18) 

PCR amplification of Sindbis 5' end region vwth the primer pur sho^^above is with 
the reaction conditions described above, using the following PCR amplification protocol 
IS shown below: 



Temperature (»C) Time(Min.) No. Cycles 
94 2 1 
94 0.5 

55 0.5 35 

72 3.0 

72 10 1 



The 442 bp and 3202 bp products fi-om the primary PCR leactions are purified with 
GENECLEAN (BIO 101), and used together in a PCR reaction with the following primer 
20 pair: 

. Fpnvard Primer: Pvbgl502IF (buffer seouence/^g/ II n^wi jtion seouence/Pv nts 5021- 
S043V 

25 S'-TATATAGATCTCTTGATCAGCTTCAGAAGATGGC (SEQ. ID NO. 89) 

Reverse nrimer /STM nts 2300-2278V 
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5'-GGTAACAAGATCTCGTGCCGTG (SEQ. ID NO. 19) 



WOM/17072 PCTAIS9S/15490 

-130- 

PCR amplification of the of the primer PCR amplicon products with the primer pjr 
shown above is with the reaction conditions described above, using the following PCR 
ampltficadon protocol shown below: 

Temperature CC) Time (Min.) No. Cycles 

94 2 1 

94 O.S 

55 0.5 35 

72 3.0 

72 10 1 

5 

The 20 3' terminal bases of the first primary PCR amplicon product overiaps with the 
20 5' terminal bases of the second primary PCR amplicon product; the resultant 2,742 bp 
overlapping secondary PCR amplicon product is . purified by 0.8% agarose/TBE 
electrophoresis, digested with Bf^/ II, and the 2,734 bp product is ligated into 

10 pcDNASINbgl/xba (see Example 3) treated with Bgl 11 and CIAP. The resulting 
construction is 16,641 bps and is known as ELVIS-PySIN. In order to construct a structural 
protein expression vector similar to pLTR/SindlAs;? for the derivation of vector packa^ng 
cell lines, the ELVIS-PySTN construction is digested to completion with Bsp EI, and 
rdigated under dilute conditions, in order to accomplish deletion of the nonstructural 

1 5 proteins between bases 422-7054. This construction is known as ELVIS-PySINdlfi^E. 

ELVIS-PySIN plasmid DNA is complexed with LIPOFECTAMINE (GIBCO-BRL, 
Gaithersburg, MD) according to the conditions suggested by the supplier (ca. 5 \ig DNA/8 \i 
g lipid reagent) and added to 35 mm wells containing undifferentiated PCC4 or F9 cells at 
approximately 75% confluency. The development of cytopathic effects (CPE), and the level 

20 of Sindbis productive infection, quantitated by plaque assay of media supernatant, is 
determined at regular intervals of 5 days in undifferentiated and differentiated PCC4 or F9 
cells. Differentiation of F9 and PCC4 cells is accomplished by addition of retinoic add 
(Sigma Chemical Co., St. Louis, MO), at a final concentration of 1 mM. 

If the undifferentiated EC ceils demonstrate a heterologous response to transfection 

25 with ELVIS-PySIN, remaining cells not lysed by Sindbis virus propagation following G418 
selection of pVGELVIS transfected undifferentiated EC cells are cloned and expanded. The 
cell clones are then tested for the production of Sindbis virus after differentiation, by addition 
of retinoic acid (Sigma Chemical Co., St. Louis, MO), at a final concentration of 1 mM. 

Isolation of vector packaging cell lines stably transfected with ELVIS-PySINdlBspE, 

30 having a cell differentiation state dependent pattern of expression of structural proteins in the 
presence of Sindbis NSP. is accomplished as described above for the pLTR/Sindlfi^E 
plasmid. 



WO9d/17072 



-131. 



PCTAJS95/15490 



In order to demonstrate the feasibility of an inducible Sindbts vector producer oell 
line, the reporter gene expression from the ELVlS-luc vector, whose construction is 
described in Example 3, section E« after transfection of BHK and undifferentiated F9 cells is 
determined. In addition^ both cell types are infected with packaged SIN-luc vector, whose 
production is described in Example 3 section C. This later experimental group serves as a 
control that expression restriction (if any) ties at the level of transcription rather than a 
receptor difference on unique cell types. The results of this study, shown in Figure 14, 
demonstrate that the expression of luciferase is inhibited in undifferentiated F9 cells. The 
levd of htciferase expression in BHK cells transfected with ELVIS-luc and BHK^ arid 
undifferentiated F9 cells infected with packaged SIN-luc vector is similar. Thus, in ELVIS- 
• luc transfected undifferentiated F9 cells, transcription from the LTR and subsequent 
luciferase expression via the Sindbis vector autocatalytic pathway is inhibited. This study 
demonstrates that packaging cell lines can be developed where synthesis of Sindbis vector or 
Sindbis vector packaging is inducible and controlled by the differentiation state of the cell. 

2. Usn OF CELLULAR PROMCrTERS 

The third example of this strategy uses the P-globin locus control region. The p- 
globin multigene cluster contains five developmentally regulated genes. In the early stages of 
human development, the embryonic yolk sac is the hematopoietic tissue and expresses the e- 
globin gene. This is followed by a s^^tch to the Y-globin gene in the fetal liver and the 5- and 
P-globin genes in adult bone marrow (Collins and Wdssman, I9M, Prog. Nucleic Acid Res. 
MoL Biol. 31:315). 

At least two mouse erythroleukemia lines, MEL and Friend, serve as models for 
terminal differentiation dependent expression of P-globin. Expres«on of 
P-globin is observed in these lines only after induction of terminal differentiation by addition 
of 2% DMSO to the growth medium. 

The entire h-globin locus is regulated by the locus control region (LCR). Within the 
LCR is the dominant control region (DCR) residing within the DNase I hypersensitive 
region, which is 5' of the coding region The DCR contains five DNase I hypersensitive 
(HSl- HS5) sites. The DCR directs high level site of integration independent, copy number 
dependent expression on a linked human p-globin gene in transgenic mice and stably 
transfected mouse erythroleukemia (MEL) cells (Grosveld ct al., 1993, CSHSOB 58:7-12). 
In a recent study (Ellis el al., 1993, EMBO 72:127-134), concatamers of a synthetic core 
coinciding to sequences ^thin HS2 were shown to function as a locus control region. 

In order to accomplish the differentiation state dependent expresaon of alphavirxis 
vectors, the viral genomic cDNA is juxtaposed with a promoter contuiung a tandem 
synthetic core corresponding to the LCR HS2 site. Alternatively, the desired alphavirus 
vector construct can be inserted downstream of the LCR in the endogenous 
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p-globin gene by homologous recombination. In such a strategy, the P-globin transcript*on 
initiation site after terminal differentiation would be first determined, in order that the 
alphavirus vector could be placed precisely at the start site. 

Initiation of a lytic viral life cycle is controlled by the differentiation state of the host 
S cell is applicable to other systems, where the control of viral induced ^opathology is 
desired. 

Yet another approach to regulating alphavirus gene expression through a 
differentiation state sen^tive promoter is the use of the retinoic acid receptor a (RARA) and 
acute promydomonocytic ieukemia.'jcells (APL). APL cells are clonal myeloid precursors 

10 characterized by high growth rate and differentiation arrest. A non*random chromosomal 
translocation breakpoint, t(lS;17)(q22;2I), occurs in almost all patients vnth APL. The 
RARA gene has been localized to chromosome 17q21. Analysis of APL mRNA from 
patients has shown that most APL breakpoints occur within the second intron of the RARA 
gene and result in abnormal fusion transcripts. Co-transfection assays with RARA and PML- 

IS RARA fusion cDNAs have demonstrated that the resulting fusion proteins can antagonize 
wild-type. RARA in the presence of retinoic acid. These studies implicate PML-RARA 
fusion protein in the molecular pathogenesis of APL. Importantly, a significant number of 
patients achieve complete remission after alUtrans retinoic acid treatment (ATRA). High 
concentration of ATRA may overcome the RARA deficiency leading to high levels of RA in 

20 the nucleus. Differentiation of the APL cells can then be achieved through activation of 
RARA responsive genes. RA can induce differentiation of a number of cell lines, including 
the human leukemia line HL-60. 

The retinoic acid receptor is a member of a nuclear receptor superfamily that includes 
the thyroid and steroid hormone receptors. Four different forms of the human RAR have 

25 been identified, and the corresponding cDNAs cloned and characterized. In order to 
accomplish the differentiation state dependent expression of Sindbis vectors, viral genomic 
cDNA is juxtaposed with the RARA DNA binding site, creating ELVIS-RARASIN. As with 
the strategy proposed for ELVlS-PySIN expression in undifferentiated EC cells, 
differentiation sensitive ELVIS-RARASIN expressing cells are isolated. 

30 

3. INSRRTION Oh- VnCTOR CONSTRUCTS TOTO DlFFEREKmATION STATC 
CONTROLLEr)n^)nCIH!.KPROMC>TERS 

Generation of clones whose expression of heterologous genes firom Sindbis vectors 
positioned in the ELVIS configuration as described in Example 3 is differentiation state 
35 dependent, is accomplished as described above for the pVGELVIS, pLTR/SindlA^E 
plasmids. Generation of clones whose production of vector particles is differentiation state 
dependent, is accomplished by transfecting the isolated differentiation dependent vector 
packaging clones described above with ELVIS heterologous gene expression vectors. 
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Clones having the desired phenotype or vector production after retinoic acid induced 
differentiation are isolated as described above. 

D. Struct ?R AL protein expression from a heteroldoous Astrovirus JUNcnoM 

5 REGION. 

Among the critical properties of a vector packaging system are a cell line which 
expresses the structural components necessary to generate an infectious particle, without the 
creation of wild*type virus through recombination between vector and structural gene 
components. These two desired properties of the plackaging cell line are accomplished in the 
10 retrovirus based systems through the constitutive expression of the gag/pol and env genes on 
individual heterologous RNA polymerase II expression cassettes. 

Another important aspect of vector packaging cell lines is to derive a system which 
mimics as closely as possible the normal replication strategy of the wild type vims. This 
issue is important in terms of the observed titer level of packaged recombinant vector. 

15 Synthesis of the viral structural proteins during alphavinis infection is accomplished after 
transcription of high levels of subgenomic mRNA from the junction region promoter, 
followed by efficient translation into the structural proteins. The junction region promoter is 
functional only in the antisense orientation and synthesis of the antigenomic RNA occurs 
after translation of the nonstructural proteins, thus delaying the expression of the structural 

20 proteins. It follows that, with regard to alphaviixjs, it would be desirable to construct a 
packaging cell line in which synthesis of the structural proteins is initiated from the junction 
region promoter, which in turn is activated by nonstructural proteins expressed firom the 
recombinant vector molecule. 

It is known that a relatively high frequency of recombination occurs between RNA 

25 genomic molecules occurs during infection with Sindbis ^arus via a copy choice mechanism 
(PNAS 8S:32S3'3257, 1991). Recombination between vector and junction region/structural 
gene cassettes would result in the generation of wild-type Sindbis virus, perhaps at a level of 
1 wild-type virus per million of packaged vector particles (Liljestrom Bio Technology 
9: 1 356- 1 36 1 , 1 99 1 ). One way to mitigate the generation of wild-type virus is to separate the 

30 structural genes onto separate expression cassettes, an approach which has been discussed 
previously in Example 7. 

An additional approach to diminish the levd of wild-type virus production in 
alphaviius vector packaging cell lines is to express the structural protons under the control 
of Astrovirus genetic elements. A schematic for this configuration is depicted in Figure 15. 

35 Similar to alphavinises, the expression of Astrovirus structural proteins incorporates a 
junction region strategy, in which high levels of structural proteins are synthesized from a 
subgenomic message. The Astrovirus expression cassette may consist of one of the two 
follo>Adng ordered elements: (1) inducible promoter/Astrovirus 5* end/Astrovirus junction 
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region/alphavirus stmctural gene/Astrovirus 3' end« or (2) antisense Astrovims 3' 
end/antisense alphavirus stnictural gene/antisense Astrovims junction region/antisense 
Astrovirus 5' end/ Hepatitis Delta virus ribozyme, or other configurations described in 
Example 7. In both configurations, the expression unit is amplified by the Astrovirus 
5 nonstructural proteins through the same mechanism that occurs during viral replication. 
Since multiple rounds of subgenomic mRNA synthesis initiated from the junction region 
occur from each expression unit, amplification of the expression unit by the Astrovirus 
nonstructural proteins results in the production of very high levels of alphavirus structural 
proteins. The^^second configuration of the alphavirus structural protein expression cassetter..>r^ 

• 10 described above may function better than the first, because the primary transcript of the toxic 
alphavirus structural gene is antisense. Although expression of the structural genes in the 
first configuration should not occur until synthesis of the negative strand followed by 
synthesis of the positive subgenomic RNA from the junction region, the antisense ruiture of 
the prinruuy transcript in the second configuration represents an additional level of control to 

15 prevent cytotoxic protein expression. 

It is likely that no wild-type virus would be generated in a packaging cell tine in ^ 
which the alphavirus virus structural proteins are synthesized individually from Astrovirus 
junction region expression cassettes. Recombination between the nonstructural protein 
region of the vector and an Astrovirus structural protdn expression cassette would result in a 

20 molecule in which Astrovirus sis elements were coupled with alphavirus genes, a nonviable 
combination. Correct coupling of alphavirus £is and trans elements would require two 
precise recombination events between the vector and the Astrovirus expression cassette, 
between the Astrovirus junction region and structural gene ATG, and between the structural 
gene termination codon and the Astrovirus 3* end. In order to genmte wild type virus, this 

25 dual recombination event would have to occur three times on the same molecule (six total 
events), to incorporate the three separated alphavirus structural genes. 

In order to diminish any possible toxicity of the Astrovirus proteins, synthesis of the 
Astrovirus expression cassettes may also be controlled by inducible promoters. One 
possibility is to use the iac operon, according to the "lac-SM^tch" system described previously 

30 in Example 7 (Stratagene). The constitutive level of expression of the lac operon controlled 
gene in the absence of the gratuitous inducer IPTG is about 10 copies of RNA per cell. The 
inducible promoter corresponding to the Astrovirus/alphavirus structural gene expression 
cassette may be the lac operon or other suitable promoters v^ich have very low level of 
constitutive expression. Construction of packaging cell lines of these configurations, in 

35 which the control of alphavirus proteins is directed by a heterologous virus should resuh in 
the generation of high titer wild-type virus free packaged vector particles. 
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Various alternative systems can be used to produce recombinant alphaviiuses 
carrying the vector construct. Each of these systems ukes advantage of the &ct that 
baculoviius, and the mamnnalian viruses, vaccinia and adenovirus, have been adapted recently 
to make large amounts of any given protein for which the gene has been cloned. (Smith 
ctal., MoL Cell Biol. i:12, 1983; Piccini etal., Metk Bfzymology J53:S4S, 1987; and 
Mansour et al., Proc. Nail AcaJ. ScL USA «2:1359, 1985). 

These viral vectors can be used to produce proteins in tissue culture cells by insertion 
of appropriate genes into the virfti vector and can be adapted to make alphavirus vector 
particles. 

Adenovirus vectors are derived from nuclear replicating viruses and can be defective. 
Genes are inserted into these vectors and used to express proteins in mammalian cells either 
by w vitro construction (Ballay et al., EMBO J. ^:3861, 1985), or by recombination in cells 
(Thummel et aL, ./ Mo/. AppL Gent'lics /:435, 1 982). 

One preferred method is to construct plasmids using the adenovirus major late 
promoter (MLP) driving: (1) alphavirus non-structural proteins, and (2) a modified 
alphavirus vector construct. A modified alphavirus vector in this configuration would still 
contain a modified junction region, which would enable the RNA vector transcribed, to be 
self replicating as it would in a natural setting. 

These plasmids can then be used to make adenovirus genomes in vitro (Ballay et at., 
EMBO. J. H^:386l, 1985). These adenoviral genomes, which are replication defective, are 
transfected in 293 cells (a human cell line making adenovirus El A protein), to yield pure 
stocks of alphavirus structural proteins and alphavirus vector carried sq)arately in defective 
adenovirus vectors. Since the titres of such vectors are typically lO^-lQl Vml, these stocks 
can be used to infect tissue culture cells simultaneously at high multiplicity of infection. The 
cells then produce alphavirus proteins and vector genomes at high levels. Since the 
adenovirus vectors are defective, no large amounts of direct cell lysis will occur and vectors 
can be harvested from the cell supematants. 

Other viral vectors such as those derived firom unrelated vectors {e.g., RSV, MMTV 
or HIV) may also be used in the same manner to generate vectors from primary cells. In one 
embodiment, these adenoviral vectors are used in conjunction with prinuuy cells, giving rise 
to alphavirus vector preparations. 

Alternative expression system has also been described in which chimeric 
HlV/poliovims genomes, result in the generation of chimeric minireplicons {J. ViroL 
65:2875, 1991), capable of expressing fusion proteins. These chimeric polio virus 
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minirepHcons were later demonstrated to be encapsidated and produce infectious particles by 
using a recombinant vaccinia virus (W-PI) expressing the substituted polio vims capsid 
precursor PI protein which is defective in the chimeric minireplicon (7. ViroL 67:3712. 
1993). In the study, HIV-1 gog-pol sequences were substituted for the VP2 and VP3 capsid 
5 genes of the PI capsid of poliovirus. In a similar fashion, the alphavirus vector genome can 
be substituted for the PI capsid sequences and used in this system as a means for providing 
polio pseudo-typed alphavirus vectors after transfecting in vitro transcribed alphavirus vector 
RNA transcripts into the cell line. Conversely, alphavirus structural proteins can also be 
substituted for the VP2 and VP3 sequences, subsequently providing an alternative packaging 
10 cell line system for alphavirus based vectors. 

In an alternative system, the following components are used: 

1. alphavinis structural proteins made in the baculovirus system in a 
similar manner as described in Smith et al. (svpra) (or in other protdn production 
systems, such as yeast or Exo/i)\ 
15 2. viral vector RNA made in the known T7 or SP6 or other in vitro 

RNA-generating system (Flamant et aL, J. Virol. 62: 1827, 1988); 

3. tRNA made as in (2) or purified from yeast or mammalian tissue 
culture cells; 

4. liposomes {mxYi embedded env protein); and 

20 S. cell extract or purified necessary components when identified 

(typically from mouse cells) to provide RNA processing, and any or other necessary 
cell-derived functions. 

Within this procedure (I), (2) and (3) are mixed, and then em associated alphavirus 
proteins, cell extract and pre-liposome mix (lipid in a suitable solvent) are added. It may be 

25 necessary to embed the alphavirus env proteins in the liposomes prior to adding the resulting 
liposome-embedded env to the mixture of (I), (2), and (3). The mix is treated {e.g., by 
sonication, temperature manipulation, or rotary dialysis) to allow encapsidation of the 
nascent viral particles with lipid plus embedded alphavirus env protein in a manner similar to 
that for liposome encapsidation of pharmaceuticals (Gould-Fogerite et al.« Anal Biochem. 

30 /-/«:! 5, 1985). This procedure produces high titres of replication incompetent alphavirus 
vectors without the requirement of establishing intermediate packaging cell lines. 
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CELL LINE OK Tissue Sprcthc Ai f havtrus Vectors^ 
"HminfiNVEi^^pps"- 

5 

The tissue and cell-type specificity of alphaviruses is determined primarily by the 
virus-encoded envelope proteins. El and E2. These virion structural proteins are 
transmembrane glycoproteins embedded in a host cell-derived lipid envelope that is obtained 
when the viral particle buds from the surface of the infected cell. The envelope surrotihds an 
10 icosahedral nucleocapsid, comprised of genomic RNA complcxed with multiple, highly 
ordered copies of a single capsid protein. The El and the E2 envelope glycoproteins are 
complexed as heterodimers which have been reported to assemble into trimeric structures, 
forming the characteristic "spikes'* on the virion surface. In addition, the qioplasmic tails of 
these proteins interact with the nucleocapsids, initiating the assembly of new viral particles 
15 {Virology 193 A2A^ 1993). Properties ascribed to the individual glycoproteins of Sindbis 
virus iriclude, receptor binding by glycoprotein E2 {Virology J8J:694, 1991), and 
glycoprotein El mediated fusion of the virion envelope and the endosomal membrane, 
resuhing in delivery of the nucleocapsid particle into the Qloplasm (New A^cts of Positive' 
StrmtdedRNA Vims, pp. 166-172, 1990). 

20 The present invention recognizes that by disrupting glycoprotein activity (in 

particular, but not limited to, E2) and co-expressing an intact heterologous glycoprotein, or 
by creating hybrid envelope gene products (i.e., specifically, an alphavirvs envelope 
glycoprotein having its natural cytoplasmic and membrane-spanning regions and exogenous 
binding domains not found naturally in the same protein molecule), or by replacing the E2 

25 and/or El glycoproteins with those of other alphaviruses or thdr derivatives which differ 
from that of the vector origin in their tissue tropism. the host range spedficity may be altered 
without disrupting the cytoplasmic fijnctions required for virion assembly. Thus, 
recombinant alphavirus vector particles can be produced which will have a strong affinity to 
pre-selected target cells, depending on the tropism of the protein molecule or domain 

30 introduced. 

In a first configuration, substitution of the analagous envelope glycoprotdns £1 
and/or E2 from other alphaviruses or their variants is used to alter tissue tropism. For 
example, Venezuelan equine encephalitis virus ( VEE) is an alphavirus which exhibits tropism 
for cells of lymphoid origin, unlike its Sindbis \drus counterpart. Therefore, Sindbis vectors 
35 packaged in cells line expressing the VEE structural proteins will display the same 
lymphotropic properties as the parental VEE virus from which the packaging cell structural 
protein gene cassette was obtained. 
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Specifically, the Trinidad donkey strain of VEE virus (ATCC #VR.69) is propagated 
in BHK cells, and virion RNA is extracted using procedures similar to those described for the 
cloning of Sindbis (Example 1). The entire structural protein coding region is amplified vwth 
a primer pair whose 5*-ends map, respectively, to the authentic AUG translational start site, 
5 including the surrounding Kozak consensus sequence, and UGA translational stop site. The 
forward primer is complementary to VEE nucleotides 7553-7579, and the reverse primer is 
complementary to VEE nucleotides 1 1206-1 1 186 (sequence from Virology 770:19). PGR 
amplification of VEE cDNA corresponding to the structural protein genes is accomplished 
^'^^> using a two-step reverse transcriptase-PCR protocol as: described for Sindbis, VEE genome 

1 0 RNA as template, and the following oligonucleotide pair: 



Forward primer (VEE 7553F): 



5'-TATATGCGGCCGCACCGCCAAGATGTTCCCGTTCCAGCCA-3* 
15 (SEQ. IDNO.90) 

Reverse primer (VEE 1 1 206R): 

5*.TATATGCGGGCGCTCAATTATGTTTCTGGTTGGT-3' 
20 (SEQ. IDN0.91) 

In addition to their respective complementarities to the indicated VEE nucleotides, each 
primer includes a Nof I recognition sequence at their 5' ends. Following PGR amplification, 
the 3800 bp fragment is purified in a 1% agarose gel, then subsequently digested with the 

25 enzyme Noil. The resulting fragment is then ligated separately into the pOP13 and 
pOPRSVl vectors (Stratagene) described previously, which are digested with Not I and 
treated with calf intestinal alkaline phosphatase. These resulting vectors, which contain the 
entire VEE structural protein coding sequence are known as pOPlS-VEESP and pOPRSVl- 
VEESP. The use of these clones in the development of packaging cell lines follows that 

30 described for Sindbis packaging lines. Alternatively, the PGR amplified VEE structural 
protein gene fragment digested with Notl is ligated into the replicon inducible ELVIS 
cassette described in Example 7. Plasmid pVGELVISBV-linker is digested with B^El to 
remove most nonstructural protein coding sequences, and the vector is then re-ligated with 
itself to generate the construct pVGELVISdi-linker. Subsequently, this plasnud is digested 

35 with Notl, treated with calf intestinal alkaline phosphatase, and ligated with the NoU 
digested VEE fragment to generate the expression cassette pVGELVdl VEE. Plasmid DNA 
of this construct is transfected into the appropriate cell line and selection for G418 resistance 
is performed as described in Example 7. In addition, variations of the vector-inducible or lac 
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operornVEE stnictural protein gene expression vectors also are constructed using otI.cr 
systems described herein. Additionally, other variations constructed which combine the 
capsid protein gene of one alphavinjs (for example, Sindbis) vAih the envelope glycoprotein 
genes of another alphavirus (for example, VEE) in a split gene approach, as described in 
5 Example 7. Furthermore, variants of VEE, and other aiphaviruses and their variants differing 
in tissue tropism, are useful when following this approach. 

In a second configuration, a heterologous glycoprotein or cellular ligand is expressed 
in the lipid bilayer of a packaging cell Wnc which is able to produce enveloped alphavinis 
vector particles. This configuration is similar to one described in Example 8, for the 
10 production of VS V-G pseudo-typed aiphavtrus vectors; except that in this configuration, the 
E2 receptor-binding function is inactivated by insertional, deletion, or base-spedfic sequence 
mutagenesis. The receptor binding function of E2 is inactivated to restrict vector particle 
tropism to that which b supplied by the heterologous glycoprotein or cdlular ligand. In 
addition to the example of VSV-G pseudo-typing, other viral glycoproteins which target 
15 specific cellular receptors (such as the retroviral HIV gpl20 protein for CD4 cell targeting) 
are utilized when expressed from standard vectors stably transfccted into alphavirus 
packaging cell lines. 

In a third configuration, chimeric glycoproteins also are prepared, which allow for 
targeting of alphavirus viral vectors into particular cell lines in viiro or tissue types in vivo. 
To construct such a chimeric glycoprotein, specific oligo primers containing the ligand 
binding domain of the desired receptor, plus homologous alphavirus sequences (whidi 
include a unique specific restriction endonuclease site), are used to amplify an insert 
sequence that can be substituted into the alphavirus structural protein expression vector. 
Alternatively, limited Bal-31 digestions fix)m a convenient restriction en^e site are 
performed, in order to digest back to a permissive insertion site, followed by blunt end 
ligation of a fragment encoding a small receptor binding domain, or an entire viral 
glycoprotein or cell surface ligand. As an example, peptides corresponding to the principal 
neutralizing domain of the HIV gpl20 envelope protein {Virology 185X10, 1991) can be 
used to disrupt normal E2 tropism and provide CD4 cell targeting. 

While the HIV gpl20 example illustrates one hybrid protein, the possibilities are not 
limited to viral glycoproteins. For example, the receptor binding portion of human 
interleukin-2 can be combined with the envelope protein(s) of the alphavirus to taiget 
vectors into cells with IL-2 receptors. Furthermore, the foregoing technique is used to 
create a recombinant alphavirus vector particle with envelope proteins that recognize Fc 
portions of antibodies. Monoclonal antibodies which recognize only preselected target cells 
are then bound to such Fc receptor-bearing alphavirus vector particles, such that the vector 
particles bind to and infect only those preselected target cells (for example, tumor cells). 
Alternatively, a hybrid envelope with the binding domain of avidin is used to target cells that 
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have been coated with biotinylated antibodies or other ligands. The patient is first flooc^ 
with antibodies, and then allowed time to clear unbound and nonspecifically-bound antibody 
before administering the vector. The high affinity (I0-J5) of the avidin binding site for biotin 
^11 allow accurate and efficient targeting to the original tissue identified by the monoclonal 
5 "image." 



EXAMPLE IQ 

10 LACTOSK F()RMin.ATI()N OF A RECOMRH^ANT ALPHA VIRTIS VPi^R 

Crude recombinant alphavirus vector is obtained fi'om a Celligan bioreactor (New 
Brunswick, NJ) containing packaging cells transfected or transduced with the recombinant 
alphavirus vector, and bound to the beads of the bioreactor matrix. The cells release the 

15 recombinant alphavirus vector into the growth media that is passed over the cells in a 
continuous flow process. The media exiting the bioreactor is collected and passed initially 
through a 0.8 micron filter then through a 0.65 micron filter to clarify the crude recombinant 
alphavirus vector. The filtrate is concentrated utilizing a cross flow concentrating system 
(Fihron. Boston, MA). Approximately 50 units of DNase (Intergen, New York, NY) per ml 

20 of concentrate is added to digest exogenous DNA. The digest is diafiltrated using the same 
cross flow system to 150 mM NaCI, 25 mM tromethamine, pH 7.2. The diafiltrate is loaded 
onto a Sephadex S-500 gel column (Pharmacia, Piscataway, NJ), equilibrated in 50 mM 
NaCI, 25 mM tromethamine, pH 7.4. The purified recombinant alphavirus vector is eluted 
fi-om the Sephadex S-500 gel column in 50 mM NaCl, 25 mM tromethamine, pH 7.4. 

25 The formulation buffer containing lactose is prepared as a 2X concentrated stock 

solution. The formulation buffer contains 25 mM tromethamine, 70 mM NaCl, 2 mg/ml 
arginine, 10 mg/ml human serum albumin (HSA), and 100 mg/ml lactose in a final volume of 
1 00 mis at a pH 7.4. 

The purified recombinant alphavirus vector is formulated by adding one part 2X 
30 lactose formulation buffer to one part S-500 purified recombinant alphavirus veaor. The 
formulated recombinant alphavirus vector can be stored at •70^C to •SO^ or dried. 

The formulated alphavirus vector is lyophilized in an Edwards Refrigerated Chamber 
(3 Shelf RC3S unit) attached to a Supermodulyo I2K freeze dryer (Edwards High Vacuum, 
Tonawanda, NY). When the freeze drying cycle is completed, the vials are stoppered under 
35 a vacuum following a slight nitrogen gas bleeding. Upon removal, vials are crimped with 
aluminum seals. The lyophilized recombinant retrovirus is reconstituted with 1.0 ml water or 
other physiologically acceptable diluent. 
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EXAMPLE 1 1 

ADMINISTRATION OF RFXrOMRFNANTr ALPH AVIRm PAPT|q ^ |7Q 

A therapeutic Sindbis vector used for the treatment of Gaucher disease (Example 17) 
may be adnunistered by transducing autologous CD34^ cells in an er vivo protocol or by 
direct injection of the vector into the patient's bone marrow. In order to achieve the longest 
therapeutic expression of GC from the recombinant multivalent vector, the best mode of 
adnunistratton is to transduce long lived cell precursors of the clinically affected cell type, for 
example monocytes or macrophages. By transducing the earliest precursors of the effected 
cell type, the cell precursors are able to self renew and repopulate the peripheral blood with 
maturing GC positive cells. The eariiest pluripotent hematopoietic stem cdl studied to date 
are the CD34"*' cells whiph make up l%-4% of a healthy bone marrow population or 0. 1% in 
the peripheral blood population. Being able to transduce CD34'*" cells is important in 
sustaining long term expression not only for the monocyte/macrophage lineage but any 
hematopoietic cell targeted for a therapeutic protein. Two approaches for transducing 
CD34+ cells include an ex v/w and an /// vivti protocol. The /// vivo protocol focuses on 
transdudng an indiscriminate population of bone marrow cells by direct injection of the 
vector into the bone marrow of patients. The ex vivo protocol focuses on isolating CD34+ 
positive stem cells, from the patient's bone marrow, or an infant patient's umbilical cord 
blood, transducing the cells with vector, then subsequently injecting the autologous cells 
back into the patient. Both approaches are feasible, but the ex vivo protocol enables the 
vector to be used most efficiently by transducing a specific cultured population of CD34+ 
cells. Details of an ex vivo method are provided in the following section. 

£v>7yr?An MiNis'n<ATi()N()F A MinTiVALENTGC SiNDBis Vector 

CD34*^ cells are collected firom the patient's bone marrow by a syringe evacuation 
performed by a physician ftmiliar with the technique. Alternatively, CD34+ cells may also be 
obtained from an infant's umbilical cord blood if the patient is diagnosed before birth. 
Generally, if the bone marrow is the source of the 0034*^ cells, 20 bone marrow aspirations 
are obtained by puncturing femoral shafts or from the posterior iliac crest under local or 
general anesthesia. Bone marrow aspirations are then pooled, su^ended in He|fbs*Buffered 
Hanks' balanced salt solution containing heparin at 100 units per ml and deoxyribonuclease I 
at 100 ug/ml and then subjected to a Ficoll gradient separation. The buffy coated marrow 
cells are then collected and washed according to CellPro's CEPRATE® LC (CellPro, 
Bothell, WA) (CD34) Separation system {see U.S. Patent Nos. 5,215,927; 5,225,353; 
5,262,334; 5,215,926 and PCT/US9 1/07646). The washed buffy coated cells are then 
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stained sequentially with anti-CD34 monoclonal antibody, washed then stained with 
biotinylated secondary antibody supplied with CEPRATE® system. The cell mixture is then 
loaded onto the CEPRATE® avidin column. The biotin-labeled cells are adsorbed onto the 
column while unlabeled cells passed through. The column is then rinsed according to the 
5 CEPRATE® system directions and Cp34+ cells eluted by agitation of the column by 
manually squeezing the gel bed. Once the CD34^ cells are purified, the purified stem cells 
are counted and plated at a concentration of 1 x 10^ cells/ml in Iscove's modified Dulbecco*s 
medium {IMDM: Irvine Scientific, Santa Ana, CA) contsuning 20% pooled non-heat 
inactivated human AB serum (hAB senim). ^ , > 

10 After purification, several methods of transducing purified stem cells may be 

performed. One approach involves immediate transduction of the purified stem cell 
population with vector containing supernatant cultures derived from vector producing ceUs. 
A second approach involves co-cultivation of an irradiated monolayer of vector producing 
cells with the purified population of nonadherent CD34'^ cells. A third and preferred 

IS approach involves a similar co-cultivation approach, however, the purified CD34''* cells are 
presttmulatcfd with various cytokines and cultured 48 hours prior to the co-cultivation wath 
the irradiated vector producing cells. Recent publications have demonstrated that 
presttmulating the stem cells prior to transducing the cells with retroviral vectors increases 
the level of gene transfer into these cell types (Nolta et al., Exp. HemaloL 20:1065, 1992). 

20 The increased level of transduction is attributed to increased proliferation of the stem cells 
necessary for efficient retroviral transduction. Since Sindbis vectors are able to infect 
nonreplicating cells, prestimulation of these cells may not be required, however 
prestimulation of these cultures causing proliferation will provide increased cell populations 
for reinfiision into the patient. 

25 Prestimulation of the CD34* cells is performed by incubating the cells with a 

combination of cytokines and growth factors which include IL-I, IL-3, lL-6 and mast cell 
growth factor (MGF). Prestimulation is performed by culturing 1-2 x 10^ CD34+ cells/ml of 
medium in T2S tissue culture flasks containing bone marrow stimulation medium for 48 
hours. The bone marrow stimulation medium consists of IMDM containing 30% non-heat 

30 inactivated hAB serum, 2mM L-glutamine« 0.1 mM 2-mercaptoethanol, I M 
hydrocortisone, and 1% ddonized bovine serum albumin. All reagents used in the bone 
marrow cultures should be screened for their ability to support maximal numbers of 
granulocyte, erythrocyte, macrophage, megakaryocyte, colony-forming units from normal 
marrow. Purified recombinant human cytokines and growth factors (Immunex Corp., 

35 Seattle, WA) for prestimulation should be used at the following concentrations: £. co//- 
derived IL-I (100 U/ml), yeast-derived IL-3 (5 ng/ml), IL-6 (50 U/ml), and MGF (50 ng/ml) 
(Anderson et al.. Cell Growih lYiffer. 2:373, 1991). 
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After prestimulation of the CD34+ cells, they are then infected by co^uhivation widi 
the irradiated Sindbis producer cell line (expressing the GC therapeutic vector) in the 
continued presence of the stimulation medium. The Sindbis vector produdng cdl line is first 
tiypsinized. irradiated (10,000 Rads) and replated at UlxlO^ cells/ml of bone marrow 
stimulation medium. The following day, j-2 x 105 prestimulated CD34+ ceUs/ml is added to 
the Sindbis vector producing cell tine monolayer. Co-cultivation of the cells is performed for 
48 hours. After co-cultivation, the CD34+ cells are collected from the adherent Sindbis 
vector producing cell monolayer by vigorous washing with medium and plated for 2 hours to 
allow adherence of any dislodged vector producing cells. The CD34+ cells are collected and 
expanded for an additional 72 hours. The cells are then harvested and frozen in Uquid 
nitrogen using a cryo-protectant in aliquots of I x 10' cells per vial. Once the treated 
CD34+ cells have been tested for the absence of adventitious agents, frozen transformed 
CD34+ cells may be thawed, plated to a concentration of I x 10^ cdls/ml and cultured for an 
additional 48 hours in bone marrow stimulation medium. Transformed cdls m collected, 
washed twice and resuspended in normal 'saline. The number of transduced cells used to 
infiise back into the patient per infusion is projected to be at a minimum of 1-10 x lO' cells 
per patient per injection site requiring up to four injection sites. Infusion may be performed 
directly back into the patient's bone marrow or directly into the peripheral blood stream. 
Patients receiving autologous transduced bone marrow cdls may be either partially or whole 
body irradiated, to deplete existing bone marrow populations. Treatment may be assessed at 
various time points post infusion to determine GC activity and for length of expression in 
differentiated cell types. If at some point during the course of follow-up procedures 
expresaon decreases or is nonexistent, transduced autologous cells may be rdnjected into 
the patient. 



EXAMPLE 12 

DETERMtNATlON ()!• VRCTOR lINrrS M A P REPARATION RV TUFFmnHHP 
A REl'ORIV.k PROrrFfN KXPRRSSTNfS f gLL LINE TJNTCT 
THH CONTRm. OF Tm SlN nni.S INCTIDN RECilON 



Determination Of vector Units In A Preparation By Infection 

OF A B-GALACTtXSinASE EXfREtSINO REPORTER CELL LINE 

In order to administer the proper therapeutic dose of vector to individuals, it is 
desirable to derive a method by which the vector infectious units contained in a preparation 
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can be detennined easily. This is accomplished by the generation of a cell line which 
expresses D-galactosidase or another reporter gene only when funaional Sindbis 
nonstructural proteins are present in the cell. The cell line can be infected with increasing 
dilutions of a Sindbis vector preparation such that individual cells are not infected with more 
5 than one vector particle, allowing the titer, or vector units, to be determined. Thus, the cell 
line is an assay of ftinctional particles present in a vector preparation. 

A. Generation of a cell line which expresses rinctional B-GALAcrosmASE 

PROTCTNtn^ER THE CONTROL OF SlNDRIS NONSraiJCTURAL PRQfmNS 

10 In one configuration^ a eukaryotic expression cassette is constructed which contains a 

S'-end sequence capable of initiating transcription of Sindbis RNA, a Sindbis junction region, 
a reporter gene, and a 3'-end Sindbis RNA polymerase recognition sequence for minus- 
strand synthesis. This cassette is positioned in an antisense orientation, adjacent to a 
... eukaryotic transcriptional promoter. Additionally, these constructs also , may contain a 

IS ' catalytic ribozyme sequence immediately adjacent to Sindbis nucleotide 1 of the 5*-end 
sequence which will result in cleavage of the primary RNA transcript precisely after this 
Sindbis nucleotide. In this antisense orientation, the reporter gene cannot be translated and is 
dependent entirely on the presence of Sindbis nonstructural proteins for transcription into 
positive stranded mRNA prior to reporter gene expres»on. These non-structural proteins 

20 will be provided by the Sindbis vector preparation being titered. In addition, this 
configuration, if designed to contain the precise Sindbis genome 5 - and 3*-end sequences, 
will allow for the reporter gene transcripts to undergo amplification by utilizing the same 
nonstructural proteins provided by the Sindbis vector. 

An example of this antisense titering construction is as follows. Briefly, the plasmid 

2S pKSSINBV-lacZ (described in Example 6) is digested with the enzymes Apa I and Bam HI. 
This results in the removal of the Sindbis 5* and Sindbis nonstructural protein sequences. 
The 7 kbp fragment is purified on a 0.7% agarose gel. This fragment is ligated to a firagment 
obtained by digestion of pdS'26s (described in Example 7) with Apal and BamHI followed by 
gel purification of the 0.4kbp fragment containing the HDV ribozyme and S* Sindbis 

30 sequences. The resulting construct is known as pKSdS*BV-lacZ. pRSdSBV-lacZ is 
digested with Aiki I and Pme I followed by purification of the 7.4kbp fi^gment on a 0.7% 
agarose gel. This firagment contains the HDV riboqmie, Sindbis S' end, junction region, 
LacZ gene, and Sindbis 3' end sequences. This fragment is ligated in the antisense 
orientation into pcDNA3 (Promega Corp., Madison, WI) by digestion of pcDNA3 with Apa 

35 I and EcoRV followed by GENECLEAN purification. The resulting construct, containing a 
CMV promoter which transcribes an antisense reporter cassette RNA of the configuration 
Sindbis 3'*end sequence/LacZ gene/junction region/Sindbis S -end sequence/HDV ribozyme, 
is known as pSINjra-gal. 
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BHKSINjra-gal cells are derived by transfection of S x 10^ BHK-21 cells, grown ir. a 
60 mm petri dish, with 5 ug of the pSINjra-ga! vector complexed with the polycation reagent 
Transfectam (Promega, Madison, WI). At 24 hour post-transfection, the media is 
supplemented with 400 ug/ml of G418 (GibcoBRL. Gaithersburg. MD). After all non- 
transfected cells have died and G4I8 resistant colonies have b^n dividing, the cells are 
removed from the plate by trypsinization, pooled, then cloned by limiting dilution. Several 
clones are tested for the production of functional B-galactosidase by infection with a known 
titer of a wild-type stock of Sindbis virus. Production of functional B-galactosidase in 
candidate BHKSIhQca-gal clones is deternuned 6 hours post-infection by first finng PBS- 
rinsed cells with a solution containing 2% formaldehyde (37% stodc solutionVO.2% 
glutaraldehyde. then staining the cells with a solution contaim'ng 0.5 mM potasshmi 
ferricyanide/D.5 mM potassium ferrocyanide/2 mM Mga2/1 mg^ X.gal. BIim ceDs are 
cleariy visible v«thin 3 hours. Provided that the Sindbis virus stock does not contain a high 
level of defective interfering (Dl) particles, the virus titer as determined by plaque assay on 
BHK-21 cells should be similar to the titer observed by X-gal staining on BHKSINjra-gal 
cells. 

The titer of various alphavinis vector preparations, in vector units, produced fi-om 
packaging cell lines such as those described in Example 7, is determined by infection of 
confluent monolayers of BHKSINjra-gal celts with several dilutions of vector. The titer of 
the vector preparation is determined at 6 hour post-infection by visualization of cells 
producing B-galactosidase protein, as described above. Since the alphavinis vectors 
described do not contain the viral r^on corresponding to the structural genes, it is not 
posnble to determine the titer of a vector preparation by plaque assay in BHK-21 cdls. 

Alternatively, a titering cell line is produced by using a different reporter cassette 
configuration, which consists of a eukaryotic promoter/5'-end Sindbis sequence recognized 
by the viral transcriptase/Sindbis junction region/reporter gene/Sindbis RNA polymerase 
recognition sequence for minus-strand synthesis, and is expressed in a sense-orientation. 
This reporter expression cassette requires synthesis, by vector-supplied Sindbis nonstructural 
proteins, into an antisense RNA molecule, prior to transcription of the subgenomic message 
encoding the reporter gene. 

Specifically, the sense-orientation padcaging construct is created as follows. Plamid 
pVGELVIS is digested with the enzyme Apa I. which cleaves at nucleotide 11737, just 
downstream of the Sindbis 3'-end. The Apa I-digested DNA is blunt-ended by the addition 
of T4 DNA polymerase and dNTPs and incubation at 16*C for 10 mimites. After heat 
inactivation of the polymerase, the DNA firagment is digested with the en^e I. and the 
10041 bp fi^gment is purified in a 1% agarose gel. Plasmid pSKSINBV-IacZ is digested 
with the enzymes I'me 1 and Sfi 1. The 6.4 kbp fi-agment is purified in a 1% agarose gd. 
The 6.4 kbp pSKSINBV-lacZ fragment then is ligated mto the purified pVGELVIS fittgment 
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to create the plasmid pELVIS*pgal. This plasmid contains the complete Sindbis 
nonstnictural proteins, Sindbis junction region, LacZ gene and Sindbis 3'-end replicase 
recognition sequence under the control of the MuLV LTR promoter. Plasmid pELVIS-pgal 
is digested with Bsp El, purified by GENECLEAN (Bio 101 Corp.. San Diego» CA) and 
religated to itself Bi^ EI removes the Sindbis nonstructural protein gene sequences between 
nts 422-7054. The re-ligated construct contains a 5' sequence that is capable of initiating 
transcription of Sindbis RNA, Sindbis junction region, sequences encoding the I ^cZ gene, 
and Sindbis 3'-end sequences required for syntheas of the minus-strand RNA, all 
downstream, and under the transcriptional controKof a MuLV<>LTR promoter. This 
construct is known as pELVlSdINSP-pgal. 

Plasmid pELVISdlNSP-pgal is transfected into BHK cells and tested as described 
previously. The BHK pELVISdINSP-gal cells produces an RNA transcript with a 5*-end 
sequence that is recognized by the Sindbis transcriptase, a Sindbis junction region, sequences 
encoding the LacZ gene, and Sindbis 3 -end sequences required for synthesis of the minus- 
strand RNA. B-galactosidase expression from the primary transcript is prevented because of 
an upstream open-reading frame and stop codons created by the Bsp EI deletion. The 
addition of Sindbis nonstructural protdns, provided by the Sindbis vector being titered, 
results in transcription of active LacZ transcripts from the Sindbis junction region, after 
initial synthesis of an antisense intermediate. Furthermore, this configuration, if designed to 
contain the precise Sindbis genome 5 - and 3'-end sequences, allows the reporter gene 
transcripts to undergo amplification by utilizing the same nonstructural proteins provided by 
the Sindbis vector. 

In another configuration, a titering cell line is produced using an expression cassette 
containing an antisense reporter gene followed by the 3 -end alphavirus replicase recognition 
sequences, positioned in the sense-orientation. This construct, under the control of a 
eukaryotic promoter, produces an RNA transcript that is recognized and transcribed by 
alphavirus nonstructural proteins provided by the vector to be titered. The alphavirus 
nonstructural proteins recognize sequences in the primary reporter transcript, and in turn, 
synthesize a sense reporter transcript. This construct does not benefit from amplification of 
the reporter gene transcript, but should still provide sufficient transcripts to allow for vector 
titering. 

Construction of this type of titering cassette is as follows. Briefly, pSV-D- 
galactosidase vector (Promega Corp., Madison, WI) is digested with the enzyme Hin6 III 
and blunt-ended as described above. The plasmid is further digested with the enzymes 
Bam HI and Xmn I to remove the LacZ gene, and reduce the size of the remunmg fragment. 
The 3737 nt fragment, containing the LacZ gene, is purified in a 1% agarose gel and iigated 
into pcDNA3 (Invitrogen, San Diego, CA) that has been digested with the enzymes Bam HI 
and Eco RV. The new plasmid construct is known as pcDNAaLacZ. This plasmid is 
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digested with the enzyme Apa I, blunt-ended as above, and further digested with the enz>-.ne 
Xho I. Plasmid pSKSINBV (described previously) is digested with Sac I, blunt-ended as 
before, and then digested with Xho I. The resulting 146 nt fragment containing the Sindbis 3' 
Ttplicase recognition sequence is purified in a 1.2% agarose gel, ligated into the digested 
5 pcDNAaLacZ vector. The re-ligated construct contains an antisense LacZ gene and a 3' 
Sindbis replicase protein recognition sequence downstream from a CMV promoter. The 
resulting constnict is known as pcDNAaLacZ-3*Sin. The construct is transfected into BHK 
cells and utilized as described previously. 

10 B. Generation of a cet.l link which expressks functional lu ciferase PRornnM 

IJNDER THE CONTROl. OF SlNDBIS NONfTTRUCTllRAL PROTEINS. 

An alternate reporter for a titering construct based upon the sense configuration of 
the reporter gene and requiring the nonstructural protdns for expression utility is ludferase. 
Again, the non-structural proteins are supplied in trans by the Sindbis vector preparation 
15 being titered. To generate this construct, pELVIS-Iuc is digested with £co 47 m and Hpa 1. 
These digests remove nucleotides 1407-6920 from within the non-structural coding region. 
After heat inactivation of the enzymes, the digested vector is religated under dilute 
conditions. This construct is known as pELVISdIE*Hluc. The construct is transfected into 
BHK cells and utilized as described previously. 

20 



EXAMPLE 13 

GENERATION f )F VECTOR CONSTRUCTS Wl HCH EXPRESS HB V A>mQENS FOR TOE 
25 INDT IC-nON OF AN iMMl INE RPig^NSE 



A. ISOLATION OF HB V E/CORF SFOT JENCE 

A 1.8 Kb fragment containing the entire precore/core coding region of hepatitis B is 
obtuned from plasmid pAM6 (ATCC No 4S020) following Bam HI digestion and gel 

30 purification, and ligated into the Bam HI site of KS 11+ (Stratagene, La Jolla, CA). This 
plasmid is designated KS II"*- HBpc/c. Xho I linkers are added to the &^ I ate of 
precore/core in KS 11+ HBpc/c (at nucleotide sequence 1.704), followed by cleavage with 
Him II (at nucleotide sequence 2,592). The resulting 877 base pair Xho II 
precore/core fragment is cloned into the Xho I/Hhfc II »te of SK II+. This plasmid is 

35 designated SK+HBe. 




WOM/17072 PCTAJS95/15490 

-148- 

B. PREPARATION OF SHOI JRNCES UTlLTZINf t PGR 

L SiTK-DiRECTni ) Ml rrAonhfEsis of HB V e/c( )re Sequence Uttuzing PCR 
The precore/core gene in plasmid KS II*^ HB pc/c is sequenced to determine if the 
precore/core coding re^on is correct. This sequence was found to have a single base-pair 
5 deletion which causes a frame shift at codon 79 that results in two consecutive in-frame TAG 
stop codons at codons 84 and 85. This deletion is corrected by PGR overlap extension (Ho 
etal.« Gene 77:51, 1989) of the precore/core coding region in plasmid SK+ HBe. Four 
oligonucleotide primers are used for the 3 PGR reactions performed to correct the deletion. 
r r The first reaction utilizes two primers. The sense primer sequence corresponds to the 
10 nucleotide sequence 1,805 to 1,827 of the cu/w strain and contains two Xho I restriction sites 
at the 5* end. The nucleotide sequence numbering is obtained from Genbank (Intelligenics, 
Inc., Mountain View, CA). 

5^ GTG GAG CTC GAG GCA GCA GGA CCA TGG AAC TTT TT-3' 
15 (SEQ.IDN0.92) 

The second primer sequence corresponds to the anti-sense nucleotide sequence 2,158 
to 2,130 of the aJw strain of hepatitis B virus, and includes codons 79, 84 and 85. 

20 5'-GTA GTA GAT CGC TAG ATG GTG GAT GTT CCO' (SEQ. ID NO. 93) 

The second reaction also utilizes two primers. The sense primer corresponds to 
nucleotide sequence 2, 130 to 2, 1 58 of the aJw strain, and includes codons 79, 84 and 85. 

25 5'-GGA AGA TCC AGC ATG TAG GGA TGT AGT AG-3' (SEQ. ID NO. 94) 

The second primer corresponds to the anti-sense nucleotide sequence fi-om SK+ 
plasmid polylinker and contains a CJal site 135 bp downstream of the stop codon of the 
HBV precore/core coding region. 

30 

5'.GGG GGA TAT CAA GGT TAT GGA TAG CG-3' (SEQ. ID NO. 95) 

The third reaction also utilizes two primers. The sense primer corresponds to 
nucleotide sequence 5 to 27 of the adw strain, and contains two Xho I restriction sites at the 
35 S'end. 



5*. CTC GAG CTC GAG GCA CCA GCA CCA TGG AAC TTT TT 
(SEQ. ID NO. 92) 
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The second primer sequence corresponds to the anti-sense nucleotide sequence fiom 
the SK+ plasmid polylinker and contains a Cla I site 135 bp downstream of the stop codon 
of the HBV precore/core coding region. 

5'-GGG CGA TAT CAA OCT TAT CGA TAC CG-3' 
(SEQ.IDN0.96) 

The first PCR reaction corrects the deletion in the'antisense strand and the second 
reaction corrects the deletion in the sense strands. PCR reactions one and two correct the 
mutation from CC to CCA which occurs in codon 79 and a base pair substitution from TCA 
to TCT in codon 81. Primer I contains two consecutive Xho I sites 10 bp upstream of the 
ATG codon of HBV e coding region and primer 4 contains a Cia I site 135 bp downstream 
of the stop codon of HBV precore/core coding region. The products of the first and second 
PCR reactions are extended in a third PCR reaction to generate one complete HBV 
precore/core coding region with the correct sequence. 

The PCR reactions are performed using the following cycling conditions: The sample 
is initially heated to 94"C for 2 minutes. This step, called the melting step, separates the 
double-stranded DNA into single strands for synthesis. The sample is then heated at 56"C 
fi>r 30 seconds. This step, called the annealing step, permits the primers to anneal to the 
single stranded DNA produced in the first step. The sample is then heated at 72»C for 30 
seconds. This step, called the extension step, synthesizes the complementary strand of the 
single stranded DNA produced in the first step. A second melting step is performed at 94»C 
for 30 seconds, followed by an annealing step at 56*0 for 30 seconds which is foUowed by an 
extension step at 72-C for 30 seconds. This procedure is then repeated for 35 cycles 
resulting in the amplification of the desired DNA product. 

The PCR reaction product is purified by 1.5% agarose gel electrophoresis and 
transferred onto NA 45 paper (Schleicher and Schuell, Keene. NH). The desired 787 bp 
DNA ftagment is eluted from the NA 45 paper by incubating for 30 minutes at 6S'C in 400 n 
I high salt buffer (1.5 M NaCI, 20mM Tris, pH 8.0, and 0. ImM EDTA). Following elution, 
500 til of phenol:chloroform:isoamyl alcohol (25:24:1) is added to the solution. The mbcture 
is vortexed and then centrifuged 14.000 rpm for 5 minutes in a Brinkmann Eppcndorf 
centrifiige (5415L). The aqueous phase, containii^ the desired DNA firagment, is transfeired 
to a firesh 1.5 ml microfijge tube and 1.0 ml of 100% EtOH is added. This sohition is 
incubated on diy ice for 5 minutes, and then centrifiiged for 20 minutes at 10.000 rpm. The 
supernatant is decanted, and the pellet is rinsed with 500 1 of 70% EtOH. The pellet is dried 
by centrifiigation at 10,000 rpm under vacuum, in a Savant Speed-Vac concentrator, and 
then resuspended in 10 ixl deionized H2O. One microliter of the PCR product is analyzed by 
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1.5% agarose gel electrophoresis. The 787 Xho /-C/a I precore/core PC» amplified 
fragment is cloned into the Xho I-CIa I site of SK+ plasraid. This plasmid is designated 
SK+HBe-c. E. coli (DH5 alpha, Bethesda Research Labs, Gaithersburg, MD) is tnuisfoimed 
with the SK+HBe-c plasmid and propagated to generate plasmid DNA. The plasmid is then 
isolated and purified, essentially as described by Bimboim etal. {Nuc Acid Res. 7:1513, 
1979; see also Moleatlar Cloning: A laboratory Mamtal, Sambrook etal. (eds.), Cold 
Spring Harbor Press, 1 989). The SK+HBe-c plasmid is analyzed to confirm the sequence of 
tiie precore/core gene (Figure 4). 

2. Isolation of HBV Core SKmn-MPF 

The single base pur deletion in plasmid SK+ HBe is corrected by PGR overiap 
extenaon as described above in Example 13B. Briefly, four oligonucleotide primers are used 
for the PCR reactions performed to correct the mutation. 

Th,p, first reaction utilizes two primers. The sense primer corresponds to the 
nucleotide sequence for the T-7 promoter of SK+HBe plasmid. 

5'-AAT ACG ACT CAC TAT AGO G-3' 
(SEQ. ID NO. 97) 

The second primer corresponds to the anti-sense sequence 2.158 to 2,130 of the. a^W 
strain, and includes codons 79, 84 and 85. 

5*-CTA CTA GAT CCC TAG ATG CTG GAT CTT CC.3' 
(SEQ. ID NO. 98) 

The second reaction utilizes two primers. The anti-sense primer corresponds to the 
nucleotide sequence for the T-3 promoter present in SK+HBe plasmid. 

5'-3': ATT AAC CCT CAC TAA AG 
(SEQ. ID NO. 99) 

The second primer corresponds to the sense nucleotide sequence 2,130 to 2.158 of 
the adw strain, and includes codons 79, 84 and 85. 

5'-GGA AGA TCC AGC ATC TAG GGA TCT ACT AG.3* 
(SEQ. ID NO. 100) 



WOM/17072 



-151- 



PCTAJS9S/1S490 



The third reaciion utilizes two primers. The anti-sense primer corresponds to the 
nucleotide sequence for the T-3 promoter present in SK-^HBe plasmid. 

5'-ATT AAC CCT CAC TAA AG-3' 
(SEQ. ID NO. 101) 

The second primer corresponds to the sense sequence of the T-7 promoter present in 
the SK-t-HBe plasmid. 

' ■ u- 

S'-AAT ACG ACT CAC TAT AGO G.3* 
(SEQ. ID NO. 102) 

The PCR product from the third reaction yields the correct sequence for HBV 
precore/core coding region. 

To isolate HBV core coding region, a primer is designed to introduce the A^o / 
restriction site upstream of the ATG start codon of the core coding region, and eliminate the 
29 amino acid leader sequence of the HBV precore coding region. In a fourth reaction, the 
HBV core coding region is produced using the PCR product from the third reaction and the 
following two primers. 

The sense primer corresponds to the nucleotide sequence 1.885 to 1,905 of the achv 
strain and contains two Xhf/ J sites at the 5' end. 

5'-CCT CGA GCT CGA GCT TGG GTG GCT TTG GGG CAT G-S* 
(SEQ. ID NO. 103) 

The second primer corresponds to the anti-sense nucleotide sequence for the T-3 
promoter present in the SK+ HBe plasmid. The approximately 600 bp PCR product from 
the fourth PCR reaction contains the HBV core coding region and novel Xho I restriction 
ates at the 5' end and C/a 1 restriction sites at the 3' end that was present in the multidoning 
site of SK*** HBe plasmid. 

5'-ATT ACC CCT CAC TAA AG-3' 
(SEQ. ID NO. 104) 

Following the fourth PCR reaction, the solution is transferred into a fi«sh 1.5 ml 
microfuge tube. Fifty microliters of 3 M sodium acetate is added to this solution followed by 
500 ^1 of chlorofonn:isoamyl alcohol (24:1). The mixture is vortexed and then centrifiiged 
at 14,000 rpm for 5 minutes. The aqueous phase is transferred to a fresh microfuge tube and 
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1.0 ml 100% EtOH is added. This solution is incubated at -20T for 4.S hours, and t(.en 
centrifuged at 10,000 rpm for 20 minutes. The supernatant is decanted, and the pellet rinsed 
with 500 of 70% EtOH. The pellet is dried by centrifugation at 10,000 rpm under vacuum 
and then resuspended in ]0|,il deionized H2O. One microliter of the PGR product is 
5 analyzed by 1 .5% agarose gel electrophoresis. The approximately 600 bp Xho I-Cla I HBV 
core PGR fragment is cloned into the Xho I-Cla I site of SK"** plasmid. This plasmid is 
designated SK+HBc. 

3. Isolation OF HBV X ANnoEN 

10 A 642 bp Nm I - Taq I fragment containing the hepatitis B virus X open reading 

frame is obtained from the pAM6 plasmid (adw) (ATCG 45020), blunted by Klenow 
fragment, and ligated into the Hmc II site of SK"** (Stratagene, La Jolla, OA). B coli (DH5 
a, Bethesda Research Laboratories, Gaithersburg, MD) is transformed with the ligation 
reaction and propagated, .v.^. 

15 Since this fragment can be inserted in either orientation, clones are selected that have 

the sense orientation with respect to the Xho I and Ch I sites in the SK^ multicloning ate. 
More specifically, miniprep DNAs are digested with the diagnostic restriction enzyme, 
B€m HI. Inserts in the correct orientation yield two fragments of 3.0 Kb and 0.6 Kb in size. 
Inserts in the incorrect orientation yield two fragments of 3.6 Kb and 0.74 Kb. A clone in 

20 the correct orientation is selected and designated SK-X Ag. 

4. C()NS'mUCTION()FSlNnniS VRCTORSEXPRESSrNOHBVE, HBV Core AND 
HBVX 

Construction of a Sindbis vector expressing the HBVe sequence is accomplished by 
25 digesting the SK'^HB e-c plasmid with Xho I and Xha I to release the cDNA firagment 
encoding HBVe-c sequences. The fragment is then isolated by agarose gel electrophoresis, 
purified GENEGLEAIsn^ (BIOIOl, San Diego. CA), and inserted into pKSSINBV (see 
Example 3), prepared by digestion with Xho I and Xha I, and treated with CIAP. This 
vector is designated pKSSIN-HBe. Similar vectors may also be made firom other Sindbis 
30 vectors described in Example 3, such as, for example, pKSSINdlJRsjrc, pKSSINdlJRsjrPC, 
pKSSINdlJRsjrNP(7582.760I) and pKSSlNdlJRsexjr. 

Construction of a Sindbis vector expressing the HBV core sequence is accomplished 
by digestion of plasmid SK+HBc (described above) with Xho\ and XbaV The HBc 
fragment is isolated by agarose gel electrophoresis, purified by GENECLEAN™ and ligated 
35 into pKSSINBV at the Xho I and Xha I sites. This Sindbis-HBc vector is designated 
pKSSIN-HBc. 

Construction of a Sindbis vector expressing the HBV-X antigen sequence is 
accomplished by digesting the plasmid SK-X Ag with Xho I and Xha I to release a cDNA 
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fragment encoding HBV-X sequences. The fi^gment is isolated by agarose gd 
electrophoresis, purified using GENECLEAN™. and insened into pKSSINBV. pre-tieated 
with JOk) I and Xha 1 enzymes. This Sindbis-HBx vector is designated pKSIN-HBx. 

The above Sindbis HBV expressing vectors may also be modified to coexpress a 
5 selectable drug resistance marker dependent on the requirements of the experiment or 
treatment of the vector infected cells. In particular, any of the above Sindbis HBV 
expression vectors described may also be designed to coexpress for G418 resistance. This is 
accomplished by incorporating an internal ribosomal entry site (Example 5) followed by the 
abacterial neomycin phosphotransferase gene placed 3* of the HBV coding sequence and 5' of 
10 the terminal 3* end of the vector using the multiple cloning ate of the vector. These G418 
resistant vector constructs can be used for selecting vector infected cells for the geneiatton 
of HBV specific CTL targets in the following sections. 

D. Expression of iNFECTnn Crlls wrrw ■<Siwr> Qi.s VecmRs 
15 1. ELISA 

Cell.lysates fi-om cells infected by any of the HBV expressing vectors are made by 
washing 1.0 x 10^ cultured cells with PBS. resuspending the cells to a total volume of 600 ^1 
in PBS, and sonicating for two 5-second periods at a setting of 30 in a Branson sonicator. 
Model 350 (Fisher, Pittsburgh, PA) or by fi-eeze thawing three times. Lysates are clarified by 
20 centriiiigation at 1 0.000 rpm fox 5 minutes. 

Core antigen and precore antigen in cell lysates and secreted e antigen in culture 
supernatant are assayed using the Abbott HBe, rDNA EIA kit (Abbott Laboratories 
Diagnostic Division, Chicago. IL). Another sensitive EIA assay for precore antigen in ceU 
lysates and secreted e antigen in culture supernatant is performed using the Incstar ETI-EB 
25 kit (Incstar Corporation, Stillwater. MN). A standard curve is generated ftom dihitions of 
recombinant hepatitis B core and e antigen obtained from Biogen (Geneva. Switzeriand). 

As shown in Figure 16. using these procedures approximately 100-200 ng/ml HBV e 
antigen is expressed in the cell lysates and 300-400 ng/ml HBV e antigen is secreted fi-om 
BHK cells infected with the Sin BV HB e vector. 
30 As diown in Figure 17, using these procedures, approximately 40 ng/ml HBV core 

antigen is expressed in the cell lysates from BHK cells infected with the Sin BV HBcore. 
Mouse fibroblast cells infected with the recombinant HBcore Sindbis vector express 6-7 fold 
hi^er HBV core protein levels than the recombinant HBcore retroviral vector transduced 
cells (WO 93/15207). As shown in Figure 18. using these procedures, approximatdy 12-14 
35 ng/ml HBV core antigen is expressed in the cell lysates from 10^ L-M(TK-) cells infected 
with the SinBVHBcore vector as compared to the approximately 2 ng/ml HBV core antigen 
expressed from recombinant HBcore retroviral vector transducer cells. 
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2. iMMi JNOPRRcii'iTAiK )NAVn?rrnRN Blot 

Characterization of the precore/core and e antigens expressed by vector infected cells 
is performed by immunoprecipiiation followed by Western blot analysis. Specifically, 0.5-1.0 
ml of cell iysate in PBS or culture supernatant is mixed with polyclonal rabbit anti-hepatitis B 
5 core antigen (DAKO Corporation, Carpinteria, CA) bound to G-Sepharose (Pharmacia 
LKB, Uppsala^ Sweden) and incubated overnight at Samples are washed twice in 20 
mM Tris-HCI« pH 8.0, 100 mM NaCU 10 mM EDTA and boiled in sample loading buffer 
with 0.S% 2-mercaptoethanol. Proteins are first resolved by SDS polyaciylamide gel 
electrophoresis, and then transferred to Imnipbilon (MilHpore Corp., Bedford, ME) and 
10 probed with the DAKO polyclonal rabbit anti-hepatitis B core antigen, followed by ^^I- 
protein A. 

E. Te-^tino |mmi jnp Rns|K)Nsn 

1. CriOTOXlCITY AS.SAVS 

15 (a) InhreJMice 

Six- to eight-week-old female C3H/HE mice (Charles River, MA) are injected twee 
intraperitoneally (i.p.) at I week intervals with 1 x 10^ of Sindbis HBe or HBCore vector. 
Ammals are sacrificed 7 or 14 days later and the splenocytes (3 x 10^/ml) cultured m^^tro 
with their respective irradiated (10,000 rads) retroviral vector transduced cells (6 x lO^/ml) 

20 (WO 93/15207) in T-25 flasks (Coming, Coming, NY). Culture medium consists of RPMI 
1640, S% heat-inactivated fetal bovine serum, 1 mM sodium pyruvate, SO ug/ml gentamycin 
and lO-^M 2-mercaptoethanol (Sigma, St. Louis, MO). Effector cells are harvested 4-7 days 
later and tested using various effectorrtarget cell ratios in 96 well microliter plates (Coming, 
Coming, NY) in a standard chromium release assay. Targets arc the retroviral vector 

25 transduced L.M(TK-) cells (ATCC No. CCL 1.3) whereas the non-transduced syngeneic cell 
lines are used as negative controls. CTL targets may also be generated by infecting 
^geneic cells with the Sindbis HBe or HBcore vector coexpressing the G418 re»stance 
marker. Infected cells are then selected using 800 ^g/ml G418 for two weeks. Specifically, 
Na2^*Cr04-labeled (Amersham. Ariington Heights, ILXlOO uCi, 1 hour at 37*C) target cells 

30 (1x10^ cells/well) are nruxed with effector cells at various effector to target cell ratios in a 
final volume of 200 pi. Following incubation, 100 ul of culture medium is removed and 
analyzed in a Beckman gamma spectrometer (Beckman, Dallas, TX). Spontaneous release 
(SR) is determined as CPM from targets plus medium and maximum release (MR) is 
determined as CPM from targets plus IM HCl. Percent target cell lysis is calculated as: 

35 [(Effector cell target CPM) - (SR)/(MR) - (SR)] x 100. Spontaneous release values of 
targets are typically I0%-20% of the MR. 

For certain CTL assays, the effectors may be /// viiro stimulated multiple times, for 
example, on day 8-12 after the primary in vitro stimulation. More specifically, lO'^ effector 
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cdJs are mixed with 6\\0^ irradiated (10,000 rads) stimulator cells, and 2 x 10? irradiate-; 
(3,000 rads) "filler" cells (prepared as described below) in 10 ml of "complete" RPMI 
medium. (RPMI containing: 5% heat inactivated Fetal Bovine Serum. Two mM L- 
glutamine. I mM sodium pyruvate, IX non essential amino adds, and 5 x 10^ M 2- 
mercaptoethanol). Stimulator cells for in vitro stimulation of effector cells are generated 
fix)m irradiated retro>aral vector transduced (10.000 rads) L-M (TK-) cells. "Filler" ceDs are 
prepared from naive ^geneic mouse spleen cells resuspended in RPMI, irradiated with 
3,000 rads at room temperature. Splenocytes are washed vwth RPMI, centrifuged at 3,000 
rpm for 5 iranutes. at room tempmture. and the pellet is resuspended in RPMI. The 
resuq)ended cells are treated with I.O ml tris-ammonium chloride (100 ml of 0.17 M tris 
base, pH 7.65, plus 900 ml of 0.155 M NH4CI; final solution is adjusted to a pH of 7.2) at 
37'C for 3-5 minutes. The secondary in vitro restimulation is then cultured for 5-7 days 
before testing in a CTL assay. Any subsequent restimulations are cultured as described 
above with the addition of 2-10 U of recombinant human IL-2 (200 U/ml, catalog #799068, 
Boehringer Mannheim, W. Germany). 

Using these procedures, it can be shovtm that CTLs to HBV e antigen can be induced. 

(b) HLA A2.1 Transgenic Mice 

Six- to eight-week-old female HLA A2.1 transgenic mice (V. Engelhard. 
Charlottesville, VA) are injected twice intraperitoneally (i.p.) at one week intervals with 1.0 
x 10^ pfii of Sindbis vector expressing HBe or HBcore. Animals are sacrificed 7 dx^ later 
and the splenocytes (3 x lO^Vml) cultured in vitro with irradiated (10.000 rads) retroviral 
vector transduced Jurkat A2/K»> cells (WO 93/15207), or with peptide coated Juricat A2/Kb 
cells (6 x lO^/ml) in flasks (T-25. Coming, Coming, NY). The remainder of the chromium 
release assay is performed as described in Example I3E l.a, where the targets are transduced 
and non-transduced EL4 A2/K«» (WO 93/15207) and Jurkat A2/K»> cells. Non-transduced 
cell lines are utilized as negative controls. The targets may also be peptide coated EL4 
A2/Kl>ceUs. 

(c) Tnmmhictimi of Hummt Cells With Vector Constnid 

Lymphoblastoid cell lines (LCL) are established for each patient by infecting 
(transfonning) thdr B-cdls with fresh Epstein-Barr virus (EBV) taken from the supernatant 
of a 3-week-old culture of B95-8, EBV transformed marmoset leukocytes (ATCC CRL 
1612). Three weeks after EBV-transformation, the LCL are infected with Sindbis vector 
expressing HBV core or e antigen and 04 1 8 resistance. Vector infection of LCL is 
accomplished by co-culturing 1.0 x 1 0^ LCL cells with 1.0 x 10^ irradiated (10.000 rads) 
Sindbis vector producer cells in a 6 cm plate containing 4.0 ml of medium or by add'mg 
fectious vector supematant. The culture medium consists of RPMI 1640, 20% heat 
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inactivated fetal bovine serum (Hyclone, Logan, UT), 5.0 mM sodium pyruvate and 5.0 nM 
non-essential amino acids. After overnight co-culture at 37**C and 5% CO2, the LCL 
suspension cells are removed from the irradiated (10,000 rads) Sindbis vector producer cells. 
Infected LCL cells are selected by adding 800 fig/ml G418. The Jurkat A2/K^ cells (L. 
Sherman, Scripps Institute, San Diego, CA) are infected essentially as described for the 
infection of LCL cells. 

(d) Human CTL asxays 

Human PBMC are separated by Ficoll (Sigma, St. Louis, MO) gradient 
centri&gation. Specifically, cells are centrifuged at 3,000 rpm at room temperature for 5 
minutes. The PBMCs are restimulated /// viiro with their autologous retroviral vector 
transduced (WO 93/15207) LCL or HLA-matched cells at an elFectorrtarget ratio of 10:1 for 
10 days. Culture medium consists of RPMl 1640 with prescreened lots of 5% heat- 
inactivated fetal bovine serum, 1 mM sodium pyruvate and SO fig/ml gentamycin. The 
resulting stimulated CTL effectors are tested for CTL activity using Sindbis vector infected 
autologous LCL or HLA-matched cells as targets in the standard chromium release assay. 
Example 13 l.a. Since most patients have immunity to EBV, the non-transduced EBV- 
transformed B-cells (LCL) used as negative controls, will also be recognized as targets by 
EBV-spectfic CTL along with the transduced LCL. In order to reduce the high background 
due to killing of labeled target cells by EB V-specific CTL, it is necessary to add unlabeled 
non-transduced LCL to labeled target cells at a ratio of 50: 1. 

2. DFI-ECTION of m >M( )RAL iMM! INK RKSmNSE 

Humoral immune responses in mice specific for HBV core and e antigens are 
detected by ELISA. The ELISA protocol utilizes 100 ^g/well of recombinant HBV core and 
recombinant HBV e antigen (Biogen, Geneva, Switzerland) to coat 96-well plates. Sera 
from mice immunized with vector expressing HBV core or HBV e antigen are then serially 
diluted in the antigen-coated wells and incubated for 1 to 2 hours at room temperature. 
After incubation, a mixture of rabbit anti-mouse IgGl, IgG2a, IgG2b, and IgG3 with 
equivalent titers is added to the wells. Horseradish pero^ddase ("HRP**)-conjugated goat 
anti-rabbit anti-serum is added to each well and the samples are incubated for 1 to 2 hours at 
room temperature. After incubation, reactivity is visualized by adding the appropriate 
substrate. Color will develop in wells that contain IgG antibodies specific for HBV core or 
HBV e antigen. 



3. T Cell Proliferation 

Antigen induced T-helper activity resulting from two or three injections of Sindbis 
vector expressing HBV core or e antigen, is measured /// vitro. Spedfically, splenoQtes 
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from inunumzed mice are restimulated hi vitro at a predetermined ratio with cdls expressing 
HBV core or e antigen or with cells not expressing HBV core or e antigen as a negative 
control. After five days at 37*C and 5% CO2 in RPMI 1640 culture medium containing 5% 
FBS, 1.0 mM sodium pyruvate and 10** 2-mercaptoethanol. the supernatant is tested for IL- 
2 activity. IL.2 is secreted specifically by T-helper cells stimulated by HBV core or e 
antigen, and its activity is measured using the CTL clone, CTLL-2 (ATCC TB 214). 
Briefly, the CTLL-2 clone is dependent on IL-2 for growth and will not proliferate in the 
absence of IL-2. CTLL-2 cells are added to serial dilutions of supernatant test sanqiles in a 
96-weII plate and incubated at 37"C and'S%, CO2 for 3 days. Subsequently, O.S ^ Ci ^H- 
thymidine is added to the CTLL-2 cells. O.SCi 3H.thymidine is incorporated only if the 
CTLL-2 cells proliferate. After an overraght incubation, cells are harvested uang a PHD cell 
harvester (Cambridge Technology Inc., Watertown, MA) and counted in a Beckman beta 
counter. The amount of IL-2 in a sample is determined fivm a standard curve generated 
fnm a recombinant IL-2 standard obtained fi-om Boehringer Mannheim (Indianapolis, IN). 

F. ADMINI.STRAT10N PRfm)ct)iii 

1. Mice 

(a) Direct Vector Administration 

The mouse system may also be used to evaluate the induction of humoral and cell- 
mediated immune responses with direct administration of Sindbis veaor encoding HBV core 
or e antigen. Briefiy. six- to dght-week-old female C3H/He mice are injected 
intramuscularly (i.m.) with 0.1 ml of reconstituted (with sterile deionized, distilled water) or 
intraperitoneally (ip) with 1.0 ml of lyophilized HBV core or HBV e expressing Sindbis 
vector. Two injections are given one week apart. Sevoi days after the second injection, the 
animals are sacrificed. Chromium release CTL assays are then performed essentially as 
described in Example I3E I. a. 

2. CniMi>ANzr-n Administkation PR(yr(K.tM. 

The data generated in the mouse system described above is used to determine the 
protocol of administration of vector in chimpanzees chronically infected with hepatitis B 
virus. Based on the induction of HBV-spedfic CTLs in nwce, the subjects in chimpanzee 
trials will receive four doses of vector encoding core or e antigen at 7 day intervals given in 
two successively escalating dosage groups. Control subjects will receive a placebo 
comprised of formulation media. The dosage will be either 10^ or 10* fu given in finir 1.0 ml 
injections i.m. on each injection day. Blood samples will be drawn on days 0, 14, 28. 42, 56, 
70, and 84 in order to measure serum alanine aminotransferase (ALT) levels, the presence of 
hepatitis B e antigen, the presence of antibodies directed against the hepatitis B e antigen, 
serum HBV DNA levels and to assess safety and tolerabHity of the treatment. The hepatitis 
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B e antigen and antibodies to HB e antigen is detected by Abbott HE e rDNA EIA kit 
(Abbott Laboratories Diagnostic Division, Chicago, n.) and the senim HBV DNA levels is 
determined by the Chiron bDNA assay. Efficacy of the induction of CTLs against hepatitis B 
core or e antigen can be determined as in Example 13E I.e. 
S Based on the safety and efficacy results from the chimpanzee studies, the dosage and 

inoculation schedule is determined for administration of the vector to subjects in human 
trials. These subjects are monitored for serum ALT levels, presence of HBV e antigen, the 
presence of antibodies directed against the HBV e antigen and serum HBV DNA levels 
essentially as described above. Induction of human CTLs against hepatitis B core^or e 
10 antigen is determined as in Example I3E I.e. 

G. Generation <w ELVIS VncroR Couktrx icts which express hbv AhmoRMs fob 

THE INDMCTIDN OF AN IMMI rNE RESr»()NSE 

1.. . CONSTRUCTION OF ELVIS VECTORS EXPRESSTNO HBVE^-. HBV CnUP, AMH 

15 HBVX 

Construction of an ELVIS vector expressing the HBV e antigen is accomplished by 
digesting the SK+HB e-c plasmid with Xho I and Ato/ 1 to release the cDNA fragment 
encoding HBVe-c sequences. The fragment is then isolated by agarose gel electrophoresis, 
purified using GENECLEAN (BIOlOl, San Diego, CA), and inserted into pVGELVIS- 

20 SINB V-linker vector, previously prepared by digestion with Xho I and Not I. This construct 
is designated pVGELVIS-HBe. 

The HBcore PCR product described previously is digested with Xho I and Cla I, 
isolated by agarose gel electrophoresis, purified using GENECLEAN, and ligated into SK+n 
(Bluescript, Stratagene, CA) digested with Xho I and Oa I. This construct is designated 

25 SK+HBcore. Construction of the ELVIS vector expressing the HBV core sequence is 
accomplished by digesting the SK"^HBcore plasmid with Xho I and Not I to release the 
cDNA fragment encoding HBVcore sequences. The fragment is then isolated by agarose gel 
electrophoresis, purified using GENECLEAN, and inserted into pVGELVIS-SINBV-linker 
vector, prepared by digestion with Xho I and Not I. This construa is designated 

30 pVGELVIS-HBcore. 

Construction of the ELVIS vector expressing the HBV-X antigen sequence is 
accomplished by digesting the plasmid SK-X Ag with Xho I and Noi I to release the cDNA 
firagment encoding HBV-X sequences. The Augment is then isolated by agarose gel 
electrophoresis, purified using GENECLEAN, and inserted into the pVGELVIS-SINBV- 

3S linker vector, prepared by digestion with Xho 1 and Noi I. This construct is designated 
pVGELVIS-HBX. 

Any of the above three constructs can be used for selecting vector infected cells for 
the generation of HBV specific CTL targets in the following sections. 
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2. EXPRESSION OFTRANSFFXrn-n CRLLS WTTH ELVIS vprrr^ffc 
The pVGELVIS-HBe plasmid DNA is isolated and purified, and 2 ug of 
pVGELVIS-HBe DNA is complexed with 10 ul of lipofectamine (GIBCO-BRL, 
Gaithersbuig. MD) and transfected into 2 x 105 BHK cells contained in 35 mM petri plates! 
Two days post-transfection, supematants and whole cell lysates were collected and an 
EUSA assay (see below) was used to determine the amount of expressed HBV-e antigen. 

CeD lysates from ceils infected by any of the sibling pVGELVIS-HBe vectors 
transfected, are made by washing 1 .0 x 1 0* cultured cells with PBS, resuspending the cells to 
a total volume of 600 ul In PBS. and sonicating for two 5-second periods at a setting of 30 in 
a Branson sonicator. Model 350 (Fisher. Pittsburgh. PA) or by freeze thawing three times. 
Lysates are clarified by centrifugation at 10.000 rpm for 5 minutes. 

Core antigen and precore antigen in cell lysates and secreted e antigen in culture 
supernatant are assayed using the Abbott HBe. rDNA ElA -kit (Abbott Laboratories 
Diagnostic Division, Chicago, IL). Another sensitive EIA assay for precore antigen in cell 
lysates and secreted e antigen in cuhure supernatant is performed using the Incstar ETI-EB 
kit (Incstar Corporation, Stillwater, MN). A standard curve is generated from dilutions of 
recombinant hepatitis B core and e antigen obtained from Biogcn (Geneva, Switzeriand). 

As shown in Figure 19, using these procedures, approximately 2 ng/ml HBV e 
antigen is expressed in the cell lysates and also secreted from BHK cells transfected with 
dilEferent clones of the pVGELVISHBe plasmid. 

Characterization of the precore/core and e antigens expressed by vector transfected 
cells is performed by immunoprecipitation followed by Western blot analysis. Specifically, 
0.5-1.0 ml of cell lysate in PBS or culture supernatant is mbced with polyclonal rabbit anti- 
hepatitis B core antigen (DAKO Corporation. Carpinteria. CA) bound to G-Sepharose 
(Pharmacia LKB. Uppsala, Sweden) and incubated overnight at 
4»C. Samples are washed twice in 20 mM Tris-HCl. pH 8.0, 100 mM NaCI, 10 mM EDTA 
and boiled in sample loading buffer with 0.5% 2-mercaptoethanol. Proteins are first 
resolved by SDS polyacrylamide gel electrophoresis, and then transferred to ImmobUon 
(Millipore Corp., Bedford, ME) and probed with the DAKO polyclonal rabbit anti-hepatitis 
coreB antigen, followed by i^^-prntan A. 

3. TESTTNO IMMI JNF. RRSPnM.SP 

(aj Admhaslralioii Pnrtocols 

The mouse model system is also used to evaluate the induction of humoral and cell- 
mediated immune responses following direct administration of ELVIS vector expressing 
HBV core or e antigen. Briefly, six- to eight-week-old female Balb/c. C57B1/6. C3H/HE 
mice (CHARLES RIVER, MA) and HLA A2.I transgenic mice (V. Engelhard, 
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Charlottesville, VA) are injected intramuscularly (i.m.) vnlK for example, SO ug or greatt«, 
of pVGELVIS-HBcore, pVGELVIS-HBVe or pVGELVlS-HBX vector DNA. Two 
injections are given one week apart. Seven or fourteen days after the second injection, the 
animals are sacrificed. Chromium release CTL assays are then performed essentially as 
S described in Example 13E 1 .a. Detection of humoral immune responses in mice is performed 
essentially as described in Example 13E 2 and detection of T cell proliferation in mice is 
performed essentially as described in Example 13E 3. 

10 EXAMPt^g 14 

SINDBIS VECTORS EXPRESSn^O ViRAL PROTEINS FOR INDUCTION OF THE IMMIINE RESPQMSE 
OR FOR BI.OCIC1N0 VIRUS HOST CELL INTERACTIONS 

IS The following example describes procedures for constructing Sindbis vectors capable 

of generating an immune response by expressing an HIV viral antigen. Methods are also 
given to test expression and induction of an immune response. 

SiNDRis VncTou s Used to Elicit an Immune Response 

20 

A. HIV niB A:.vrExpRRssioN Vector 

A 2.7 Kb Kpn UXho I DNA fragment was isolated from the HIV proviral clone 
BHI0-R3 (for sequence, see Ratner et al., Nainre 313211. 1985) and a -400 bp Sal I-Kpn I 
DNA fragment from IIIexE7deltaenv (a Bal3I deletion to nt 5496) was ligated into the Sal I 
25 site in the plasmid SK*^. From this clone, a 3.1 kb env DNA fragment {XhoA-Clal) was 
purified and ligated into the previously described Sindbis vectors predigested with Xho I and 
Chi, 

B. CREATION C )F A PROIM ICF.R CE1.L LINE WHICH EXPRESSES HIV SPECIFIC ANTIGENS 

30 To construct a vector producing cell line that expresses the HIV IIIB env derived 

from the vector described above, in viiro transcribed RNA transcripts are transfected in a 
Sindbis packaging cell line (Example 7). Specifically, the Sindbis RNA vector molecules are 
initially produced by using a SP6 /// vitro transcribed RNA polymerase system used to 
transcribe from a cDNA Sindbis vector clone encoding the HIV specific sequences. The 

35 generated //i vitro RNA vector products, are then transfected into a Sindbis packaging or 
hopping cell line which leads to the production of transient infectious vector particles within 
24 hours. These vector particles are then collected from the supematants of the cell line 
cultures and then filtered through a 0.45 micron filter to avoid cellular contamination. The 
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filtered supematanis are then used to infect a fresh monolayer of Sindbis paclcaging cel.s. 
Within 24 hours of infection, Sindbis vector particles are produced containiqg positive 
stranded Sindbis recombinant RNA encoding Sindbis non-struetural proteins and HIV 
specific sequences. 

An alternative configuration of a ^indbis HIV HIB env vector is a promoter driven 
cDNA Sindbis construct containing a selectable marker. In this configuration the above- 
described Xho I to C/a I fragment containing the specific HIV IIIB env sequence is placed in 
a similar cDNA Sindbis vector driven by a constitutive promoter in place of a bacteriophage 
V polymerase recognition sequence. Using this configuration, the expression vectSr plasmids 
are transfected into the packaging cell line and selected for the drag resistance gene 24 to 48 
hour post-transfection. Resistant colonies are then pooled 14 days later (dependent on the 
selection maricer used) and dilutioned cloned. Several dilution clones are then propagated, 
and assayed for highest vector titer. The highest titer clones are then expanded and stored 
frozen. The stored clones are tested for HIV specific protein production and- immune 
response induction. 

^ TPSTINo POK HIV Si'RCiFic Protein PRoni if -nr )n ano an Immijne Re-spomsp 

Cell lysates from the Sindbis HIV producer cell line are tested for HIV specific 
protein production by Western blot analysis. To test the ability of the vector to transfer 
expression inviira, BHK.2I cells are infected with filtered supernatant containing viral 
vector and assayed by Western blot analysis 24 hours post infection. Once protein 
expression has been verified mviw mouse and primate studies can be performed to 
demonstrate the ability of syngeneic cells expressing a foreign antigen after vector treatment 
to: (a) elicit a CTL response in mice by injecting either infected syngeneic cells or 
preparations of infectious vector, (b) elicit CTL responses in a human in vitro culture system; 
(c) to infect human, chimpanzee and macaque cells, including primary cells, so that these can 
be used to elicit CTL responses and can serve as targets in CTL assays; (d) map immune 
response epitopes; and (e) elicit and measure CTL responses to other non-HIV antigens such 
as RKHise CMV(MCMV). 

^- IMMIINF RF.SI'ON.snTO Snanni<; Vikai. VPCTOP.F NCOron A»rnnPM5: 
To test the immune response elicited from a cell Une transduced with a Sindbis HIV 
niB env vector, a murine tumor cell line (B/CIOME) (H.20) (Patek etaL, Cell ImimmoL 
72:113. 1982) is infected with a recombinant Sindbis viras canying the HIV HIB vector. 
The mv env expressing cell line (B/CIOME-IIIB) was then utilized to stimulate HIV env 
specific CTL in syngeneic (i.e.. MHC identical) Balb/c (H.2<») mice. Mice are immunized by 
intraperitoneal injection with B/CIOME-IIIB cells (I x 10' cells) and boosted on day 7-14. 
(Boosting may not be required.) Responder spleen cell suspensions are prqMired from these 
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immunized mice and the cells cultured //; viiro for 4 days in the presence of either B/CIOMC- 
IIIB (BCenv) or B/CIOME (BC) mitomycin-C-treated cells at a stimulatorrresponder cell 
ratio of 1:50. The effector cells are harvested from these cultures, counted, and mixed with 
radiolabeled (-"^^Cr) target cells (/.c, B/ClOMEenv-29 or B/CIOME) at various 
S efifectoritarget (£:T) cell ratios in a standard 4*S hour ^^Cr-release assay. Following 
incubation, the microtitre plates are centrifuged, 100 ^1 culture supemate is removed, and the 
amount of radiolabel released from lysed cells quantitated in a Beckman gamma 
spectrometer. Target cell lysis was calculated as: % Target Lysis - Exp CPM - SR 
CPM/MR CPM • SR CPM x 100, where experimental counts per minute (Exp CPM) 
10 represents effectors plus targets; spontaneous release (SR) CPM represents targets alone; 
and maximum release (MR) CPM represents targets in the presence of IM HCl. 

2. Stimulation of an Immi jne Resi'onse m Mice by Direct Injection of 

RECOMBINAN T SlNDRfS VRCTOR 

15 Experiments are performed to evaluate the ability of recombinant Sindbis wal 

vectors to induce expression of HIV envelope protrins foUov^ng direct injection in imce. 
Approximately 10^ to 10^ (pfu) of recombinant Sindbis ^drus carrying the HIV IIIB env 
vector construct are injected tvdce (2x) at 3-week intervals either by the intraperitoneal (i.p.) 
or intramuscular (i.m.) route. This amount of Sindbis virus is determined to be less than the 

20 amount considered to stimulate an immune response. Spleen cells are prepared for CTL 
approximately 7 to 14 days after the second injection of vector. 

D. BU KJKINCi AOENTX DERIVFI) FK( )M Vll^AL PKOTF.IN ANAU XiI JES EXPRESSED FROM 
RECOMBINANT SiNDBIS VlXTORS 

25 Many infectious diseases, cancers, autoimmune diseases, and other diseases involve 

the interaction of viral particles with cells, cells with cells, or cells with factors. In viral 
infections, viruses commonly enter cells via receptors on the surface of susceptible cells. In 
cancers, cells may respond inappropriately or not at all to signals fi-om other cells or &ctors. 
In autoimmune disease, there is inappropriate recognition of **seir markers. These 

30 interactions may be blocked by producing an analogue to either of the partners in an 
interaction, in vivo. 

This blocking action may occur intracellulariy, on the cell membrane, or 
extracellularly. The blocking action of a viral or, in particular, a Sindbis vector carrying a 
gent for a blocking agent, can be mediated either from inside a susceptible cell or by 
35 secreting a version of the blocking protdn to locally block the pathogenic interaction. 

In the case of HIV, the two agents of interaction are the gp 120/gp 41 envelope 
protein and the CD4 receptor molecule. Thus, an appropriate blocker would be a vector 
construct expressing either an HIV c'//v analogue that blocks HIV entry without causing 
pathogenic effects, or a CD4 receptor analogue. The CD4 analogue would be secreted and 
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would function to protect neighboring cells, while the gp 120/gp 41 is secreted or produced 
only intracellularly so as to protect only the vector- containing cell. It may be advantageous 
to add human immunoglobulin heavy chwns or other components to CD4 in order to 
enhance stability or complement lysis. Deliveiy of a retroviral vector encoding such a 
hybrid-soluble CD4 to a host results in a continuous supply of a stable hybrid molecule. 

Vector particles leading to expression of HIV em analogues may also be constructed 
as described above. It will be evident to one skilled in the art which portions are capable of 
bloddng vims adsorption without overt pathogenic side effects (Will^ et al,, J. Virol. 
«: 139. 1988; Fisher et;4; Aw/wtf 2iJ:655. 1986). 



EXAMPLE K 

A- CoNSTPiCTONOFFIV nNV/hF.v/RRE SiNnni.s Vp c tor for thf iMpiKTiriN of am 

IMMI INE RnSI«()NSF 

Sequences encoding the HV env/rev/RRE gene are amplified and isolated form 
plasmid pFIV-14-Petaluma (NIH Research and Reference Reagent Program, Maiyland) 
using the following primers: 

The sense primer sequence has two consecutive Xhtt I restriction sites that are placed at the 
5' end at position 6020 of clone 34F10 (Talbott et al.. PNAS S6:57A3-5747, 1989): 
(SEQ.IDNO. 105) 

5'-3': CC CTC GAG CTC GAG GGG TCA CTG AGA AAC TAG AAA AAG AAT TAG 

The antisense primer sequence is complementary to a sequence at position 9387 of done 
34F10. The 5' end of the primer has a Not I site 
(SEQ.IDNO. 106) 

5'.3':CC GCG GCC GC GTA TCT GTG GGA GCC TCA AGG GAG AAC 

The PCR product is then placed in the pBiuescript KSI1+ plasmid (Stratagene. CA) and 
verified by DNA sequencing. This construct is designated pBiuescript KSn+ FIV 
env/rev/RRE. The Xfto hNoi I fhigment is then excised and inserted into the Sindbis 
badcbone. 

Construction of a Sindbis vector expressing the FIV env/rev/RRE sequence is 
accomplished by digesting the SK+FIV env/rev/RRE plasmid with Xho I and Not I restriction 
enzyme sites to release the cDNA fragment encoding HV env/rev/RRE sequences. The 
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fragment is then isolated by agarose gel electrophoresis, purified GENECLEAN"* (BlOlOi, 
San Diego. CA), and inserted into the desired Sindbis vector backbone, prepared by 
digestion with Xho 1 and Not 1. The Sindbis vectors described in Example 3. are suitable for 
the insertion of the FIV env/rev/RRE sequences. Such Sindbis vectors include pKSSINBV, 
pKSSINdlJRsjrc, pKSSINdlJRsjrPC, pKSSINdlJRsjrNP(7582-7601) and 
pKSSINdlJRsexjr. 

The above Sindbis FIV env/rev/RRE expressing vectors may also be modified to 
coexpress a selectable drug resistance marker dependent on the requirements of the 
experiment or treatment of the vector infected cells. Any of the above Sindbis FIV 
em^/rev/RRE expression vectors described may also be designed to coexpress for G418 
resistance. This is accomplished by incorporating an internal ribosomal entry site 
(Example s) followed by the bacterial neomycin phosphotransferase gene placed 3' of the 
FIV env/rev/RRE coding sequences and 5' of the terminal 3' end of the vector using the 
multiple cloning site of the vector. These G4I8 resistant vector constructs can be used for 
selecting vector infected cells for the generation of FIV env/rev/RRE specific CTL targets in 
the following sections. 

INFECTION OF Fni.rNn rn i s wm i SiNnnis vector FypRF.s.sTNO FIV knv/rev/RRF 
The feline kidney cell line (CRFK) is grown in DMEM containing 10% FBS. CRFK 

cells are infected with the Sindbis vector as described in Examples 3 and 7. and used to show 

vector expression in feline cells using Western blot analysis. 

C. EXPRESSK >N OF iwrncn ■ r> Pfi i s 

Cell lysates from cells infected by any of the FIV env/rev/RRE expressing vectors are 
made by washing 1.0 x 1 0^ cultured cells with PBS. resuspending the cells to a total volume 
of 600 ul in PBS, and sonicating for two 5-second periods at a setting of 30 in a Branson 
sonicator. Model 350 (Fisher. Pittsburgh. PA) or by freeze thawing three times. Lysates are 
clarified by centrifugation at 1 0.000 rpm for 5 minutes. 

Proteins are separated according to their molecular weight (MW) by means of SDS 
polyacrylamide gel electrophoresis. Proteins are then transferred from the gel to a IPVH 
Immobilon-P membrane (Millipore Corp., Bedford. MA). The Hoefer HSI TTE transfer 
apparatus (Hoefer Scientific instruments, CA) is used to transfer proteins from the gel to the 
membrane. The membrane is then probed with dther CE4-I3B1 or CE3-8, monoclonal 
antibodies directed against FIV env gplOO. The bound antibody is detected using 125]. 
labeled protein A, which allows visualization of the transduced protein by autoradiography. 
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D. TF-VriNfl CEIJ JJLAR IMMI INE RESPflN-SP 
1. iNRRl-nMlCn 

Six- to dght-week-old female Balb/c (H.2d), C57B1/6 (H-2b) and C3Ii^ (H-2k) 
mice (Charles River, MA) are injected twice intraperitoneally (i.p.) at 1 week intervals with 1 
5 X 106 pfu of sindbis FIV env/rev/RRE vector. Animals are sacrificed 7 days later and the 
splenocytes (3 x ]<fi/m\) cultured /// viiro with their respective irradiated (10,000 rads) 
retroviral vector transduced syngeneic cells (WO 94/06921) (6x 10*/ml) in T-25 flasks 
(Coming. Coming. NY). These transduced cells include the murine fibroblast ceU lines 
BCIOME (H.2d) (ATCC No. TIB85), BI6 (H-2b) and L-M(TK-) (H-2k) (ATCC No. CCL' 
10 1.3). These cell lines are grown in DMEM containing 4500 mg/L glucose. 584 mg/L L- 
glutamine (Irvine Scientific. Santa Ana. CA) and 10% FBS (Gemini, Cafarf)asas. CA). 
Culture medium consists of RPMI 1640. 5% heat-inactivated fetal bovine senim. 1 mM 
sodium pyruvate. 50 g/ml gentamycin and lO-^M 2-mercaptoethanoI (Sigma. St. Louis. 
MO). Effector celjs are harvested 4-7 days later and tested using various efRctortaiget oeU " 
15 ratios in 96 well microtiter plates (Coming. Coming, NY) in a standard chromium release ' 
assay. Targets are the retroviral vector transduced syngeneic cells (WO 94/06921) whereas 
the non-transduced syngeneic cell lines are used as negative controls. CTL targets may also ' 
be generated from infecting syngeneic cells with the Sindbis FIV env/rev/RRE vector 
coexpressing the G4I8 resistance marker. Infected cells are then selected using 800 ug/ml 
20 G418 for two weeks. Specifically. Na25'Cr04.labeled (Amersham. Ariington Heights. 
IL)(IOO uCi. 1 hour at 37-C) target cells (1 x 10^ cells/weU) are mixed with effector cells at 
various effector to target celf ratios in a final volume of 200 ^1. Following incubation. 100 
ml of culture medium is removed and analyzed in a Beckman gamma spectrometer 
(Beckman. Dallas, TX). Spontaneous release (SR) is determined as CPM f^om taigets plus 
25 medium and maximum release (MR) is determined as CPM from targets plus IM HCI. 
Percent target cell lysis is calculated as: [(Effector cell + target CPM) - (SR)/(MR) - (SR)] x 
100. Spontaneous release values of targets are typically 10%-20% of the MR. 

For certain CTL assays, the effectors may be in vitro stimulated multiple times, for 
example, on day 8-12 after the primary in vitro stimulation. More specifically. 10^ effector 
30 cells are mixed with 6 x lO^ irradiated (10.000 rads) stimulator cells, and 2 x \(P irradiated 
(3.000 rads) "filler" cells (prepared as described below) in 10 ml of "complete" RPMI 
medium. (RPMI containing: 5% heat inactivated Fetal Bovine Serum. 2 mM L-glutamine. I 
mM sodium pyruvate. IX non essential amino acids, and 5 x 10« M 2-mercaptoethanoO. 
Stimulator cells for in vitro stimulation of effector cells are generated from imuliated 
35 retroviral vector transduced syngeneic cells. "Filler" cells are prepared from naive syngeneic 
mouse spleen cells resuspended in RPMI. irradiated with 3.000 rads at room temperature. 
Splenocytes are washed with RPMI. centrifiiged at 3,000 rpm for 5 minutes at room 
temperature, and the pellet is resuspended in RPMI. The resuspended cells are treated with 
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1.0 m] tris-ammonium chloride ( 100 ml of 0.17 M tris base, pH 7.6S, plus 900 ml of 0.1 SS lA 
NH4CI; final solution is adjusted to a pH of 7.2) at 3TC for 3-5 minutes. The secondary m 
vitro restimulation is then cultured for 5-7 days before testing in a CTL assay. Any 
subsequent restimulations are cultured as described above with the addition of 2-10 U of 
5 recombinant human IL-2 (200 U/ml, catalog #799068, Boehringer Mannheim, W. Germany). 

2. Felines 

Since the vectors are to be utilized for treating felines, an assay demonstrating 
immunolo^cal eflficacy in felines is needed. The following is a description of the generation 

10 of the autologous T-cell lines needed for restimulator and target cells for the standard ^^Cr 
release assay (Brown et al., J. Vir. (!5:3359-3364, 1991). Bri^y, peripheral blood 
mononuclear cells (PBMC) are - obtained following venipuncture and Ficoll-sodium 
diatrizoate (Histopaque-1077; Sigma, St. Louis, MO) density gradient centrifugation. These 
PBMCs are stimulated by 5 ugm/ml concanavalin A (ConcA. Sigma) for three days, and 

15 maintenance in medium containing 25 U/ml human recombinant interieuIcin-2 (IL-2) 
(Boehringer Mannheim Biochemicals, Indianapolis, FN) and 10% bovine T-cell growth factor 
(TCGF). Cells are seeded into round bottom 96-well microtiter plates at an average of 1 or 
0.3 cells per well with 5 x 10^ irradiated (3,000 rads) autologous PBMC, 10% bovine 
TCGF, and 25 U/ml of IL-2 in a final volume of 200 ul of complete RPMI. Complete RPMI 

20 consist of RPMI 1640 medium containing 10% FBS, 2mM L-glutamine, 5 x 10-^ M 2- 
mercaptoethanol, and 50 ug of gentamycin per ml. Clones are expanded sequentially to 48- 
well and 24-weII plates. After several weeks, cells are transduced vnth retroviral vectors 
expressing FIV env/rev genes (WO 94/06921), and selected with G418. Expression of these 
cell lines are monitored by Western blot analysis as in Example 15C. Cell lines expressing 

25 high levels of the desired protein function as stimulators and targets in a standard ^'Cr 
release assay as in Example 1 5 D L Effector cells are recovered for the CTL assay from the 
peripheral blood mononuclear cells (PBMC) obtained following venipuncture and Ficoll- 
sodium diatrizoate density gradient centrifugation. 

30 E. ADMINIS-mATlON Protcxjols 

Six- to etght-week-old female Balb/C, C57BI6 or C3H/He mice are injected 

intramuscularly (i.m.) with 0. 1 ml of reconstituted (with sterile deioiuzed, distilled water) or 

intraperitoneally (i.p.) with 1 .0 ml of lyophilized FIV env/rev/RRE expressing Sindbis vector. 

Two injections are ^ven one week apart. Seven days after the second injection, the animals 
35 are sacrificed. Chromium release CTL assays are then performed essentially as described in 

Example 13 D 1. 

Felines are also injected intramuscularly (i.m.) with 0.5 ml of reconstituted (with 
sterile deionized, distilled water) or intraperitoneally (i.p.) with 2.0 ml of lyophilized FIV 
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env/rev/RRE expressing Sindbis vector. Two injections are given one week apart. Seven 
days after the second injection. PBMCs are withdrawn for the CTL assay. Chromium release 
CTL assays are then performed essentially as described in Example 13 D 2. 



EXAMPLE 16 

TlswiE SPHciFic Expression by AcnvA-nnN o f Dlsari rh ai PHAvyp i 
VpgoT^s I jama Tissi ie SrecFIc Criliilar RNA: rnN.s-raiicnnK of 
A»Tf Avrens Ti IMOR Spkcific Exr'RFssioN V ectors for rm Treatmrktt of CoLnRFCTAi 

Cancer 

A. CoNS7T» >CTI( )N OF A Rna)Mr4rNAT>rr .Srwrmis V fctor rsiN-CEA^ DEPEMnra>rr nw 

THE EXPRFSSK )N OF TI |R CEA TlIM[>R Mi^ Py;f^ 

As described previously and shown diagrammatically in Figure 20. the disabled 
junction loop out model is constructed with the junction region of the vector flanked by 
inverted repeat sequences which aris homologous to the RNA of choice. In this example, 
sequences from the CEA tumor antigen cDNA (Beauchemin et al.. Mo/ec. and Cell. Biol. 
7:322 1 , 1987) are used in the inverted repeats. To construct a CEA RNA responsive Sindbis 
vector, the junction region is preceded by two CEA anti-sense sequence domains (A» and 
B') separated by a six base pair hinge domain. A single twenty base pair CEA sense 
sequence (A2). which is complementaiy to AI. is placed at the 3' end of the junction region. 
In choosing the correct A 1 and HI antisense sequences, the only two requirements are that 
they be specific for the targeted RNA sequence and that the anti-sense sequences hybridize 
to two RNA sequence domains separated by three nucleotides. This three nucleotide gap 
will serve as a hinge domain for the polymerase to hop and switch reading strands bridging 
the non-structural protein domain of the veaor to the junction region of the vector (Figure 
5). To construct such a configuration,, two oligonucleotides are synthesized complementing 
each other to create a fragmem insert containing convenient restriction enzyme sites at the 
extreme 5' and 3' ends. The oligonucleotide firagment insert is then figated into the Sindbis 
vector between the disabled junction region and the multiple cloning sites of the Sindbis 
vector. The sense oligonucleotide strand, firem 5' to 3'. should contain an Apa I restriction 
site, followed by the A I anti-sense domain, a six bp hinge domain, a Bl anti-sense domain, a 
synthetic junction region domain, and the A2 sense domain, followed by zXho I restriction 
en^e site. The following oligonucleotide sequence is used to design a CEA RNA 
responsive Sindbis vector. The nucleotide number sequence is obtained from Beauchemin 
etal..M>/tfc. and Call Hiol. 7:3221, 1987. 
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Apal 



CEA618 
♦ 



CEA589 



CGCGC GGGC CCTGT GACAT TGAAT AGAGT GAGGGTCCTG TTGGG 
(SEQ.IDNO. 107) 



CEA651 CEA622 

♦ ♦ ♦ Synthetic 

AAAGG TTTCA CATTT GTAGC TTGCT GTGTC ATTGC GA^TCT 
10 CTA CG (SEQ. ID NO. 1 08) 



CEAS99 CEA6I8 

Junction Core ♦ * * Xhol 

GTGGT CCTAA ATAGT TCACT CTATT CAATG TCACA CTCGA 
15 GCC GG (SEQ. ID NO. 109) 

The S'-3' CEA anti-sense strand is complementary to the above oligonucleotide. After both 
oligonucleotides are synthesized, the oligonucleotides are mixed together in the presence of 
10 mM Mg, heated to lOO^C for 5 minutes and cooled slowly to room temperature. The 
20 oligonucleotide pair is then digested with the Apa I and Xho 1 restriction enzymes, mixed and 
ligated at a 25:1 molar ratio of insert to plasmid« pCMV-SIN or pMET-SIN predigested with 
the same enzymes. These constructs are designated pCMV/SIN-CEA and pMET/SIN-CEA, 
respectively. 



25 COHSTRUCTIONOF A $rN>CgA VRCT()R ANnpl<oDUffjHm Itff^RXt^^^siN^^ 
INTERFERON f SlN-CEA/vlFN) 

The human gamma interferon gene is subcloned from the retroviral vector plasmid 
pHu-IFN (Howard et ah. Aim N.V. Acad ScL 716:167-187, 1994) by digesting with Xho I 
and Cla I. The resulting 500 bp fragment containing the coding sequences of y-TFN is 

30 isolated from a 1% agarose gel. 

Alternatively, the human y-IFN cDNA is derived from RNA isolated from PHA- 
stimulated Jurkat T cells by guanidimum thiocyanate extraction followed by 
uhracentrifiigation through a CsCI gradient. The RNA (Sigma, St. Louis, MO) is then 
reverse-transcribed m viiro and a gene-specific oligonucleotide pair is used to amplify 

35 y-IFN cDNA by polymerase chain reaction using Taq polymerase. The PGR DNA was 
repsured with T4 DNA polymerase and Klenow and cloned into the Hinc U site of SK^ 
plasmid (Stratagene, San Diego^ CA) treated with CIAP. In the sense orientation, the 5* end 
of the cDNA is adjacent to the Xho 1 site of the SK*^ polylinker and the 3* end adjacent to the 
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Cla I site. The 5 1 2 base pair fragment encoding the human y-IFN molecule is placed into tlie 
Xho l/Cial site of either the pCMV/SIN-CEA or pMET/SIN-CEA vectore. These new 
plasmids are designated pCMV/SIN-CEA/IFN or pMET/SIN-CEA/IFN, respectively. 

B. CoNS-muCTlON OF A SIN-CEA VFf'Tr)R anh PRnniif t n? Chj. Liktp Fvw»rc«^n>^n. 
THYMIDINE KINASE rSlN.rF.A/Tlf \ 

A PCR amplified product containing the cDNA clone of the herpes simplex thymidine 
kinase ("HSVTK"). flanked with S'JOiolml 3* Cla I restriction enzyme sites is obtained 
using the pHSlTK3KB (Mcknight et al., Nuc. Acids Res. ^8:^949, 1980) done as taiget 
DNA. The sequences for the primers used for the PCR amplification are obtamed from 
published sequences (Wagner et al., PNAS 7<V:1442, 1981). The 1,260 base pair amplified 
product is then digested with Xho 1 and C/a I ligated into the Xho \tOal site of either the 
pCMV/SIN-CEA or pMET/SIN-CEA vectors. These new plasmids are designated 
pCMV/SIN-CEA/HSVTK or pMET/SIN-CEAmSVTK, respectiydy. 

CREATION OF CEA RN A Dppbndent SimRK VecT( )R PRoni if er Ceu. IJKPS. 

Unlike the previous examples of creating producer cdl lines (Example 7), it may be 
that only a single round of gene transfer into the packaging cell line is possible by vector 
transfection. Since these vectors will be disabled and prevented in the synthesis of fiill 
genomic vectors, re-infection of a fresh layer of Sindbis packaging cell lines will end in an 
aborted infection since these vectors are now dependent on the presence of the CEA RNA to 
become active. Higher titers may be achieved by dilution doning tnmsfected ptx>ducer cdl 
lines using the RT-PCR technique. 



EXAMPLE 17 

Ren^ci-MnNT Gvhm Ti ihkapv dsinc. RI-C-Y im hinant AIPHAVIRMS VEcmps 

The following example describes the construction of alphavirus vectors capable of 
generating a therapeutic protdn. 

A. CONSTOMCnONOFA SlKir wiSFACTOR VIII Vl-CTOR 

Hemophilia A disease is characterized by the absence of Factor VIII, a blood plasma 
coagulating fiurtor. Approximatdy I in 20,000 males have hemophilia A in which the disease 
state is presented as a bleeding disorder, due to the inability of affected individuds to 
complete the blood clotting cascade. 
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The treatment of individuals with henriophilia A is replacement v^th the Factor VEI 
protein. The only source for human Factor VIII is human plasma. In order to process 
human plasma for Factor VIII purification, human donor samples are pooled in lots of over 
1000 donors. Due to the instability of the Factor VIII protein, the resulting pharmaceutical 
5 products are highly impure, with an estimated purity by weight of approximately 0.04%. In 
addition, there is a serious threat of such infectious diseases as hepatitis B virus and the 
Human Immunodeficiency Virus, among others, which contaminate the blood supply and can 
thus be potentially co-purified with the Factor VIII protein. 

The Factor VIII cDN^ clone is approximately 8,000 bps. Insertion of the Factor 

10 Vni cDNA into pKSSINBV yields a vector/heterologous gene genomic size of 
approximately 15,830 bps. If the packaging of this large vector RNA into particles is 
inefficient, the size of the insert can be decreased tiirther by eliminating the "B-domain" of 
the Factor VIII insert. It has been shown that the Factor VIII B-domain region can be 
removed from the cDNA without affecting the functionality of the subsequently expressed 

15 protein. 

A Sindbis-Factor VI 11 vector is constmcted as follows. Factor Vm cDNA is 
obtiuned from clone pSP64.VlIl, an ATCC clone under the accession number 39812, 
containing a cDNA encoding the full-length human protein. pSP64-VIII is digested with 
&i/I, the termini are blunted with T4 DNA polymerase and 50 uM of each dNTP, and the 

20 ca. 7700 bp. fragment is electrophoresed in a 1% agarose/TBE gel and purified with 
GENECLEAN. The Factor VIII cDNA containing blunt ends is then ligated into 
pKSII3*SIN (Example 3), prepared by digestion with Hinc II, treated with CIAP, and 
purified fi-om a 1% agarose gel. This plasmid is known as pF83'SIN. 

For insertion of Factor VIII into the various Sindbis vectors described in Example 3, 

25 plasmid pF83'SIN is digested with Xho I and a limited Sac 1 digest, and the resulting 7,850 
bp fragment is isolated from a 0.7% agarose/TBE gel. This Factor VIIIO^SIN fragment is 
then inserted into each of the vectors listed below. Prior to insertion of this Augment the 
plasmids are prepared by digestion with Xho I and Sac I, treated with CIAP, isolated by 1% 
agarose/TBE gel electrophoresis, and purified with GENECLEAN: 

30 

^^S£!or Functional Junction Region MA 
pKSSINBV + 
pKSSINdlJRsjrc + 
pKSSINdlJRsjrPC + 
35 pKSSINd 1 JRsjrNP(7,582-7,60 1 ) + 

pKSSINdlJRsexjr 4 



Following insertion of the Factor VIII cDNA, these vectors are designated: 
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pKSSINBVFS 

pKSSINdlJRsjrcFS 

pKSSINdlJRsjrPCFS 

pKSSINdIJRsjrNP(7.582-7,601)F8 

pKSSINdURsexjrFS 



respectivdy. 

: Packa^ng of the Factor Vni cDNA containing vectors is accomplished by the 
transfection of packaging cell lines (described in Example 7) with m vitro transcribed 
vector/Factor VIII RNA. The efficiency of packaging is determined by measuring the level 
of Factor VIII expression in cells infected with the packaged vector and compared to similar 
experimenb performed with the pKSSIN-luc vector described in Example 3. 

CoNSTRi ICT1( )N OF A r.i 1 1( (x.nRmRosin A.SR SrNnms Vpt ;, -7rip 
Gaucher disease is a genetic disorder that is characterized by the deficien<y bf the 
enzyme glucocerebrosidase. This enzyme deficiency leads to the accumulation of 
glucocerebroside in the lysosomes of ail cells in the body. However, the disease phenotype is 
manifested only in the macrophages, except in the veiy rare neuronpathic forms of the 
disease. The disease usually leads to enlargement of the liver and spleen and lesions in the 
bones. (For a review, see Scietwe 256.794, 1992. and The Meiaholic Basis of Inherited 
Disease, 6th ed., Scriveret al.. vol. 2. p. 1677.) 

A glucocerebrosidase Sindbis vector is constructed as follows. Briefly, a 
glucocerebrosidase (GC) cDNA clone containing a Xhtt I restriction enzyme site 5' of the 
cDNA coding sequence and a Cia 1 restriction enzyme site 3' of the cDNA coding sequence 
is first generated. The clone is generated by digesting pMFG-GC (Ohashi ct al., PNAS 
«P:1 1332. 1992) with Nco I. blunt-ending the termini with T4 DNA polymerase and dNTPs, 
ligating with Xho I linkers, and purifying the GC gene from a 1% agarose gel. The GC 
fragment is subsequently digested with Xho I and ligated with the desired Sindbis vector (for 
example, pKSSINBV) that has also been digested with Xho J. Packaging of the Sindbis- 
glucocerebrosidase vector is accomplished by introduction of vector RNA (for example, 
transfection of in vitro transcribed RNA) into any of the packaging cell lines described in 
Example 7. 

Both the Sindbis Factor VIII and the Sindbis Glucocerebrosidase vectors are also 
readily convertible to plasmid DNA based.vectots which initiate vector replication and 
heterologous gene expression for use in direct delivery or the establishment of vector 
producer cell lines (see Examples 3 and 7). 
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30 



INHIBITION OF Human PAIMLKOMA VI RDSPATHCK^ENICITYBY SEQIIENCE-SPRCTFIC ANTISENST: 
OR RIHOZYME M()LnCin.RS EXP RESSED FROM SlNDRlS Vmm VPrrnBR 

To date, more than sixty types of human papilloma viruses (HPV), which have a 
pronounced tropism for cells of epithelial origin, have been isolated and characterized. 
Among the HPV group are a substantial number of types which infect the human anogenital 
tract. This group of HPVs can be further subdivided into types which are associated with 
benign or with malignant proliferation of the anogenital tract. 

There are between 13,000 and 20,000 cervical cancer deaths per year in the U.S. In 
developing countries, cervical cancer is the most frequent malignancy, and in developed 
countries cervical cancer ranks behind breast, lung, uterus, and ovarian cancers. One statistic ' 
which especially supports the notion that anogenital proliferation is a growing health problem 
is that medical consultations for genital warts increased from 169,000 in 1966 to greater than 
2 million in 1988. 

Several lines of evidence exist which link HPV to the pathogenesis of cervical 
proliferative disease. A distinct subset of types, so called 'low risk HPVs*, are associated 
with benign proliferative states of the cervix (cf^.. HPV 6, 1 1, 43, 44), while another subset 
of types, the Wgh risk HPVs*, are associated wth lesions which may progress to the 
malignant state {e.y^., HPV 16, 18, 31, 33, 35, etc.). Approximately 95% of cervical tumors 
contain HPV, with HPV type 16 or 18 DNA being found in about 70% of them. 

The frequency of HPV in the young sexually active female population appears to be 
quite high. Indeed, in a recent study of 454 college women, 213, or 46% were HPV 
positive. Among the HPV positive group, 3% were HPV 6/1 1 positive, and 14% were HPV 
16/18 positive. Of these 4.S4 women, 33 (7.3%) had abnormal cervical proliferation, as 
determined by cytology. 

Wth regard to the design of antisense and ribozyme therapeutic agents targeted to 
HPV, there are important parameters to consider relating to the HPV types to target (i.e., 
types associated with condyloma acuminatum or types associated with malignant cervical 
proliferation) and HPV expressed genes to target, including but not limited to, HPV genes 
E2,E6, orE7. 

In general, the expression of HPV genes is defined temporally in two phases, eariy 
(E) genes expressed prior to viral DNA replication, and late (L) genes expressed after viral 
DNA replication. There are 7 early enzymatic HPV genes, and 2 late structural HPV genes. 

Based on the discussion presented above, antisense/ribozyme therapeutics directed 
towards the HPV 6/1 1 groups may be constmcted which target the viral E2 gene. It seems 
possible that the E2 gene target may be precarious with regard to the HPV 16/18 group, by a 
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mechanism of driving integration of the virus through inhibition of E2 protein expression. 
Thus, it seems that the E6/E7 genes in HPV types 16/18 should be taiseted directly. 

Described below is the construction of antisense and ribo^e therapeutics into 
Sindbis virus vectors (described in Example 2) specific for HPV type 16 E6 and E7 RNA. 
Insertion of the HPV antisense and nhozyme moieties is between the Cla I and Xba I sites of 
the Sindbis vector. 

A. C0NyreHCrnf>NOF ANHPV I6 E6/E7 AmiSPNSFTHPPAPPirnr. 

The HPV 16 viral^genomic clone. pHPV-16 (ATCC number 45113) is used as a 
template in a PGR reaction for the amplification of specific sequences fhwn the viral E6/E7 
genes. The HPV 16 antisense moiety is first inserted into the plasmid vector pKSII+; 
removal of the antisense therapeutic from the plasmid vector and insertion into the various 
Sindbis vector backbones is accomplished via the unique antisense moiety terminal Cla I md 
Xba I restriction endonuclease sites. Amplification of a portion of the HPV 16 E6/E7 genes 
is accomplished with the primer pair shown below: 

Forward primer (buffer sequence/A'An I site/HP V 16 nucleotides 201-222): 

TATATTCTAGAGCAAGCAACAGTTACTGCGACG (SEQ.IDNO. 110) 
Reverse primer (buffer sequence/rVa 1 sitdHPW 16 nucleotides 759-738): 

TATATATCGATCCGAAGCGTAGAGTCACACTTG (SEQ. IDNO. Ill) 

In addition to the HPV 16 E6/E7 complementary sequences, both primers contain a 
five nucleotide -buffer sequences' at their 5' ends for efficient enzyme digestion of the PGR 
amplicon products. Generation of the HPV 16 amplicon with the primers shown above is 
accomplished with the PGR protocol described in Example 4. It has been shown previously 
that the E6/E7 mRNA in infected cervical epithelia is present in three forms, unspliced and 
two spliced alternatives (E6* and E6**). one in which nucleotides 226-525 of E6 are not 
present in the mature message (Smotkin et al., J. Virol 63: 1441-1447, 1989). The r^on of 
complementaiy between the antisense moiety described here and the HPV 16 genome is viral 
nucleotides 201-759. Thus the antisense moiety will be able to bind to and inhibit the 
translation of the E6/E7 unspliced message and the spliced E6* and E6** spliced messages. 

The HPV 16 E6/E7 580 bp amplicon product is first purified with "GENEGLEAN" 
(Bio 101. San Diego. GA), the digested with the restriction enzymes Cla I and Xba I, and 
electrophoresed on a 1% agaroseH-fiE gel. The 568 bp band is then excised from the gel. 
the DNA purified with "GENEGLEAN," and ligated into the pKSII+ plasmid prepared by 
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digestion with Cla I and Xha I, treatment with ClAP, and treatment with "GENECLEAN." 
This plasmid is known as pKSaHPV16E6/E7. 

B. CoNCTRi iCTK )N OF HP V 1 6 E6/E7 Hairpin Rifu )zyme THFRAPEimcs 
5 In order to efficiently inhibit the expression of HPV 16 E6 and E7 proteins, a hairpin 

ribozyme (HR6Z) with target specificities to E6 mRNA is constructed. The HPV 16 
ribozyme moiety is first inserted into the plasmid vector pKSII'*'; removal of the ribozyme 
therapeutic from the plasmid vector and insertion into the various Sindbis vector backbones 
is accomplished via the unique ribo^e moiety terminal Cla I and Xba I restriction 
10 endonuclease sites. 

The HRBZ is homologous to the HPV 16 E6 RNA (nts 414-431) shown below: 

TTAACPQICAAAAGCCAC (SEQ.IDNO. 112) 

15 The HRBZ is designed to cleave after the T residue in the TCTC hairpin ribozyme 

loop 5 substrate motif, shown underiined above. Following cleavage, the HRBZ is recycled 
and able to hybridize to, and cleave, another unspliced E6/E7 mRNA or the E6* spliced 
mRNA molecule. 

Double-stranded HRBZ as defined previously (Hampel et al.. Nucleic Acids Re^arch 
20 75:299.304, 1990), containing a 4 base 'tetraloop' 3 and an extended helix 4, with specificity 
for the HPV 16 E6 RNA shown above, is chemically synthesized and includes both the 5' and 
3' ends, respectively, Cla I and Xlya 1 sites. The sequence of the chemically synthesized HPV 
16 E6 HRBZ strands are shown below: 

25 HPV 1 6 E6 HRBZ, top strand (5*->3'): 

CGATGTGGCTTTTAGATGTTAAACCAGAGAAACACACGGACTTCGGTCCG 
TGGTATATTAGCTGGTAT 
(SEQ. ID NO. 113) 

30 

HPV 16 E6 HBRZ, bottom strand {y-^V): 

CTAGATACCAGCTAATATACCACGGACCGAAGTCCGTGTGTTTCTCTGG 
TTTAACATCTAAAAGCCACAT (SEQ. ID NO. 1 14) 

35 In order to form the double-stranded HPV 16 E6 specific HRBZ with Cla I and Xba 

I cohesive ends, equal amounts of the oligonucleotides are mixed together in 10 mM Mg2+ 
heated at 95T for 5 minutes, then cooled slowly to room temperature to allow the strands to 
anneal. 
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Tl»e double-stranded HPV 16 E6 HRBZ with Cto I and JKfta I coheswe 
Hgated into the pKSm plasmid vector, prepared by digestion with Ob I and A&i I. 
treatment with OAP, and treatment with "(ffiNECLEAN." This plasmid is known as 
pKSHPV16E6HRBZ. 

The HP V 1 6 antisense and haiipm nbozjme moieties are fiberated fixMn their phumid 

vectors. pKSaHPVl(;EaE7 and pKSHPVlfiEOTRBZ, respectively, by digestion with Ch I 

maXbal^ purification by agarose electrophoresis and "CffiNECLEAN." and insertion into 

the desired vector bacldxm^ prqiared by digestion with Oa I and A&i I. and 

OAP. Several possible Sindbis vectors some of which are diownbdow. and w 

constniction is described in Example 2. are suitable fiv the insertiofl of the HPV 16 antis^ 
and libo^yme therspeutic moietieK 

Functional Jntietimi Rerinn f+/.) 
pKSSINBV + 
pKSSINBVdUR 

pKSSINdURqrc + 
pKSSINdURsjrPC 4 
pKSS]NdlJR9rNP(7582-7601 + 
pKSSINdURsegr + 

Since the antisense mid riboayme tterapeutic operate at the levd (tf RNA, it is not 
necessaiy that the vectors oontainiiig these moieties contam a fimctional junction region. 
That is, translation of the region oorrespondirig to the ShidtMS structural proteins occurs only 
from subgenomic RNA. However, because translation of the antisense and haiipm ribozyme 
therapeutic is not an issue, these moieties wiU emt their a£Eect from the level of positwe 
stranded Sindbis genomic vector RNA. 

On the other hand, it toay be desired to administer repeated doses to an individual; 

thus the antisense and haiipm palliative would be inserted downstream of the adenovirus E3 
or human cytomegalovirus H301 genes, which down-regulate the expression of MHC dass I 
molecules in infected cells. Insertion of the antisense and hairpin palliatives is accomplished 
in the vectors from Exanqdes 3 and 4 shown below, between the Cfa I and 



Vector 
pKSSINdUR^rcAdES 
pKSSINdUR9rcH301 



Functional Junction Rerinn 



+ 



Subgenomic mRNA is synthesized in these vectors. wMdi serves as a ttansbtional 
templatefi»rtheAdE3 and CMVH301 genes. Thus, in these constructions, fimctional HPV 
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1 6 andsense and hairpin ribo^me palliatives will be present on the levels of both subgenomic 
and poative stranded genomic Stndbis vector RNA. 

Further, the HPV 16 antisense and hairpin riboa^e palliatives can be inserted 
downstream of a heto-ologous gene inserted into the described Sindbis vectors. For 
S example, one could insert the HPV 16 antisense and hairpin ribozyme palliatives downstream 
of a heterologous gene codii^ for an immunogenic epitope of HPV 16 from, for example, 
the E6flB7 or LI proteins. In these vectors, it would not be desired to include the 
inmnmor^Mlatoiy AdE3 orChfVHSOl genes. 

Expression of the BS/EJ genes durii^ infection with both the Ugh- and low-risk e^/^?'. 

10 HPV groups is required for proliferation of the Gervicdq)ithelhnn. The HPV E7 protein 
from all HPV types tested forms a covapltx with the retinoblastoma protdn, and the E6 
protdn from HPV types 16 and 18 associates with and d^rades the cdluku- pS3 protein. 
The pS3 and retinoblastoma ceUuhu* gene products are involved in the growth control of the 
cell, and altering the txpression or fonction of these proteins can rdease the growth control 

15 in afifected cellsr Thus, an antisense or ribozyme then4)eutic agent to both HPV groups 
should either directly or ultimately diminish the expression of one or both of these genes. 
Expression of the E6/E7 genes is trans-activated by the viral £2 protein. However, by 
utifizing an alternative splidqg strategy, the E2 protein can also act as a trans-repressor. 
Integration of the oncogemc HPV types occurs m the viral E2 r^on and abrogates the 

20 expression of the E2 protdn. Integration by the oncogenic HPV types appears to be a 
ph^tal event in the fiwik induction and/or maintenance of cervical cardnoma. This event 
results in the constitutive expression of the E6/E7 genes. In the integrated state, expression 
of the E6/E7 genes is trans-activated by fectors present in mfected keratinocytes. The 
inactivation of the viral E2 control mechanism in response to the ceUular keratinoqrte fiictor 

25 activation of E6/E7 expression might be a critical event in viral integration. 

Described below is the construction of antisense and ribozyme theraputics into 
Sindbis \mis veaors (described in Example 2) spedfic for HPV type 16 E6 and E7 RNA. 
Insertion of the HPV antisense and ribozyme moieties is between the Ch IzzidXbal sites of 
the Smdbis vector 

30 

C. CoMsmucTiaM op an HPV 16 Bsmi A^msEwsE 'MtAPEtmc 

The HPV 16 viral goionuc done, pHPV-16 (ATCC number 45113) is used as a 
template in a PGR reaction for the amplification of spedfic sequences fixmi the viral E6/E7 
genes. The HPV 16 antisense moiety is first inserted mto the plasmid vector pRSn^**; 
35 removal of the antisense therapeutic fiom the phismid vector and insmion into the various 
Sindbis vector backbones is accomplished via the unique antisense moiety terminal Cla 1 and 
Xba I restriction endonudease sites. Amplification of a portion of the HPV 16 E6/E7 genes 
is accomplished with the primer pair below: 
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HPV 16 FcMfwd primer (bufier sequence/X&i I stc/HPV 16 nucleotides 201-222): 

5'-TAT ATT CTA GAG CAA GCA ACA GTT ACT GCG ACG-3' 
5 (SEQ.IDNO. 115) 

HPV 16 Reverse primer (bufier sequence/C&i I stte/HPV 16 mideotides 759-738): 

y-TAT ATA TCG ATC CGAAGC GTA GAG TCA CACTTG-y 
10 (SEQ.IDNO. 116) 

In ad^on to the HPV 16 B6/E7 complementaiy sequences^ both primers contain a 
five nudeotide "buffer sequences" at their 5' ends tor efildent enzyme digestion of the PGR 
amplicon products. Generation of the HPV 16 amplicon with the primers above is 

IS accomplished using the PGR protocol described in Example 4. It is known that the E6/E7 
mRNA m infected cervical epithdia is present in three forms» unspliced and two spliced 
ahematives (E6* and E6**X in wMch nudeotides 226-525 of E6 are not present in the 
mature message (Smotkin et al., J. Virol 55:1441, 1989). The re^on of complementary 
between the antisense and the HPV 16 genome is viral nudeotides 201-759. Thus the 

20 antisense mcnety will be able to trind and ihUbit the translation of the E6/E7 unq)liced 
message and fiie spliced E6* and E6*^ messages. 

The HPV 16 E6/E7 580 bp an^licon product is first purified with "GENEO^Ah^ 
(Bio 101, San Di^o CA), digested with the restriction enzymes Cfa I and Xba X and 
isolated by 1% agarose/TBE gd dectrophoresis. The 568 bp band is then excised fix)m the 

25 gel, purified with (^NECLEAN™, and ligated into the pKSn^ plasnud prepared by 
digestion with C/2 1 and Aia I, treated with CIAP, and purified This 
plasmid is deagnated pKSHPV16E6/E7. 

D. COHSIRyCTHQNQFHPy ^^fi6/E7HABIWj^BO^Y^ffi^l^^ 
30 In order to efiSdently inhibit the cxpresrion of HPV 16 E6 and E7 proteins, a hairpin 

ribozyme ^IRBZ) with target spedfidties to E6 mKNA is constnicted. The HPV 16 
ribozyme mcnety is first inserted into the plasmid vector pKSH^; removal of the ribozyme 
therapeutic ficmi the fdasnud vector and insertion into the various Sndbis vector baddx)nes 
is accomplished via tiie unique ribozyme mdety tenninal Cb I and Xba I restriction 
35 endonudease sites. 

The HRBZ is homolc^ous to the HPV 16 E6 RNA nudeotide sequence 414-431 
shown bdow: 
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5'-TTA AdfilC AAA AGC CAC-3' (SEQ. ID NO. 117) 

The HRBZ is designed to cleave after the first T residue in the TGTC haiqnn 
ribozyme loop 5 substrate moti^ shown underiined above. Following deavage, the HRBZ is 
recycled and able to hybridize to, and dnve, another unspliced BSfEH mRNA or the E6* 
q>liced mRNA molecule. 

DouUe-stnuded HRBZ ^ian^d etal.» Nud^ Adds Rtseardt J8.299, 1990), 
containiQga4base'Hetraloop"3 andanextaidedhdix4, withq)ecifici^fortiieHPV 16 E6 
RNA shown abov^ is chemically ^nthesized and indudes CtolandJK&alsitesattheS'and 
3' ends, respeetivdy. The sequence of the chemicaily ^nthesized HPV 16 E6 HRBZ strands 
are diown bdow: 

HPV 16 £6 HRBZ. sense strand: 

5'- 

CGA TGT GGC TTT TAG ATG TTA AAC C AG AGA AAC AC A CGG ACT TC 
G GTC CGT GGT ATA TTA GCT GGT AT-3' 
(SEQ. ID NO. 118) 



HPV 16 E6 HBRZ, andsense strand: 
5'- 

CTA GAT ACC AGC TAA TAT ACC ACG GAC CGA ACT CCG TGT GTT TCT 
CTG GTT TAA CAT CTA AAA GCC ACA T-3' 
(SEQ. ID NO. 119) 

In order to fonn the double-stranded HPV 16 E6 q>ecific HRBZ with Cla I and Xba 
I cohesive ends, equd amounts of the digomideotides are idxed to 10 nd^ Mga2, heat^ 
95X for S nunutes, then cooled slowly to room temperature to allow the strands to anneal. 

The double-stnmded HPV 16 E6 HRBZ with Cfa I and JKte I cohesive ends is liga^ 
mto Ae pKSir*' plasmid vector. The pKSII+ vector is first digested widi Cla I and JOta I, 
treated with OAF, and purified with CTNECLEAN™ pnm to ligation. This pUumid is 
designated pKSHP VI 6E6HRBZ. 

The HPV 16 andsense and hairpin ribozyme moiedes are Uberated fit>m thdr plasmid 
vectors, pKSaHPV16E6/E7 and pKSHPV16E6HRBZ, respectivdy. by digesti(m widi Oa I 
and Xba I, isobtion by agarose gd dectrophoresis, and purified using GENECLEAN™. 
They are then ligated into the desired vector backbone. The vector backbone is prepared by 
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dtgesdon with Cfa I and A&a I, and treated with OAP. Several possible Sindbis vectors aij 
suitable for the insertion of the HPV 16 antisense and riboiyme therapeutic moieties. Some 
of these vectors from Example 2 are presented bdow: 

3^£^ Funcrional Jiinerion Reyion (+/.^ 

pKSSINBV + 
pKSSINBVdUR 

pKSNdURqrc -i* 

pKSNdUR^rPC -i- 
pKSSINdI]RqiNP(7,S82.7,601) 

pKSSINdURsexjr -f 

Since the antisense and riboqnne therapeutic operate at the BNA level, it is not 
necessary that the vectors containiiig these moieties also ccmtain a fiuetional junet^ 
Specifically, translation of the region corresponding to the Sindbis structure proteins occurs 
only fiom subgenomic RNA. However, because translation of the antisense and hairpin 
ribo^me therapeutic is not an issue, these moieties wDl exert their affect fiom the level of 
positive stranded Sindbis genomic vectOT RNA. 

On the other band, it mqr be desired to adnunister repeated doses to an individual; 
thus the artisense and hairpin palliative would be inserted downstream of the adenovi^ 
or human cytom^ovirus H301 genes. (E3 and H301 down-regulate the expression of 
MHC class I molecules in infected cdls.) Insertion of the antisense and hairpin palliatives is 
accomplished m the vectore fiom Examples 3 and 4. between the Cfa I and JOa I restriction 
sites: 

^ISStaZ Fimetioiiri Junction R«rifin M.\ 

pKSSlNdURsjrcAdE3 + 
pKSSINdURq'rv^OI -i- 

Subgenomic mRNA is syntheazed in these vectors, which serves as a translational 
template for the Ad E3 and CMV ICO 1 genes. Thus, in these constructions, functional HPV 

16 antisense and haiipin riboqnne palliatives wiO be preseM at the leveb of both subge^ 
and positive stranded genomic Sindbis vector RNA. 

Fuither, the HPV 16 antisense and hairpm ribozyme palliatives can be inserted 
downstream of a heterol(>gous gene contained in the described Sindbb vectors. For 
example the HPV 16 antisense and hairpin nlm^me palliatives can be inserted downstream 
of a heterologous gene codii« for an immunogenic epitope ofHPV 16 E6^ or LI proteins. 
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In these vectors, it would iwt be detired to include die inununrnvgulatoiy Ad E3 or CMV 
H301 genes. 

S EXAMPLE 19 

iNHmmoM OF HUMA N IhnERFERONAExPRESsioN IN Infect fr^n'W^- 

SPECmC RIB07 YME MPtJCUI^ EXPRESSED PROM SlNDmS VIRUS VBCTOIM 

10 Interferons QFNs) conqmse a finuly of small proteins vAadi efifect a wide nmge of 

tnolo^cal activities in the nuomnalian cell, induding the expiession of MHC antigens, the 
expression of several genes wbidi modulate cdl growth control, and the resistance to viral 
infections (Pestka et al., Ann. Rev. Biochem. 5tf:^7-777, 1987). Of the three classes of 
IFNs, a, and y, IFN-o, or leuko^te inteiferon, is responsible for the activity i^ch limits 

IS viral replication in the infected cdl. 

The antiviral efifects of IFN-a are associated with the induction of two cdlular 
enzymes which inhibit the viral life^cle in the infected cdl. One en2^e is a double- 
stranded KNA dependent 68-kDa protein Idnase that catalyzes the phosphorylation of the a 
subunit of the proton synthesis imtiation &ctor eIF-2. The seccmd enzyme induced by IFN- 

20 a is 2*,5*-o]igoadenylate synthetase (2',S'-OAS), vAadti in the presence of double-stranded 
RNA activates the latent cndonudease, RNase v^ch is responable for degradation of 
wal and cellular RNAs (Johnston and Torrence, bUerfaxms 3:189-298, Friedman (ed.), 
Elsevier Sdence Publishers, B.V., Amsterdam, 1984). 

Because thdr replication strategy indudes a double-stranded KNA intermediate, the 

25 RNA viruses in particular are strong inducers of interferon. WtAi r^ard to Sindbis virus, 
double-stranded RNA molecules are present during the replication of both positive- and 
negative-stranded genome length molecules, and during the transcription of subgenomic 
niRNA. It has been demonstrated that infection of cells with Sindbis virus results in the 
induction of interferon (Saito, J. Interferon Res. 9*^-24, 1989). 

30 In applications where extended expression of the therapeutic palliative is desired, 

expression of IFN in the infected ceD is inhiUted by indusion of a hairirin iSaozj/mit witii 
specificity for IFN-a mRNA in the Sindbis vector Inhibition of IFN-a oqmsdon thus 
ndtigates induction of the cascade of cdhdar proteins, induding the eIF-2 proton kinase and 
2^5*-OAS, which inhibit the extent to ^ch virus can replicate in the infected cell. 

3S Prolonged expression of the therapeutic palliative without induction of an immune response 
targeted towards the vector infected cdl is deared in aU iqyplications other than antigen 
presentation and indudes, for example, systemic protein production, antisense and ribozyme, 
and accessory molecules. 
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A. CONSIRUCnONCff AHAIRPINRIBOZVME WnHTARfffiiro SPRfilPigTYF^p 

In order to efiScientty inluint tiie expresaon {^intcaferon A protem in cdls infected 
imth Sindbis vectws, a haiipin ribozanne (HRBZ) with target spedfidty fiv inteiferon A 
mRNA is constructed. Tte IFN-a libn^ilie moiety is first inserted into the plasnud vector 
pKSIP' (Stratagene^ La JoUa, CA); removal of the liboj^ therapeutie from the plasmid 

vector and insertion imo the varioiis Sindtns vector bacld)one8 is accom|dished via the unique 
riboqme mdety temunal Cb I and Xba I restriction endonudease ates. 

The HRBZ is homologous to nudeotides 1026-1041 of the human interferon alpha 
gene IFN-alpha 4b shown bdow, and to all IFN-a genes sequenced, indudiqg S, 6, 7, 8, and 
14, but not gene 16 (Heneo et al:, J. MoL BioL 7^5:227-260. 1985 ): 

TCT CIQICC TCC ATG A 
(SEQ.IDNO. 120) , 

The HRBZ is designed to deave after the T residue in the TGTC haupin ribo^e 
loop 5 substrate motiC shown underlined above. FoUowiqgdeav^ge^theHRBZisre^ed 
and able to hybridize to, and deave, another IFN-a mRNA molecule. 

Double-stranded HRBZ as defined previously (Hanq)d et aL, Nucleic Acids Research 
7^:299-304, 1990), containing a 4 base tetraloop 3 and an extended hdix 4, with spedfidty 
for the IFN-a mRNA shown above, is diemically syntheazed and indudn at the 5' and 3* 
ends, respectively, Cib I and Xba 1 sites. The sequence of the chemically synthesized IFN-a 
HRBZ strands are shown bdow: 

IFN-a HRBZ. genm strand to 

TCG ACT CAT GGA GAG AGG AGA ACC AGA GAA ACA CAC GGA CT 
T CGG TCC CTG GTA TAT TAC CTG GAT 
(SEQ.IDNO. 121) 

IFN-a HBRZ. antigens strand «' to 

CGA TCC AGG TAA TAT ACC ACG GAC CGA ACT CCG TGT GTT TCT 
CTG GTI C TC CTC TCT CCA TGA C 
(SEQ.IDNO. 122) 
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In order to form the double-stranded IFN-a specific HRBZ with Cla I and Xba I 
cohe^ve ends, equal amounts of the oligonucleotides are mixed together in 10 mM Mg2+ 
heated at 9S^C for 5 minutes, then cooled slowfy to room temperature to allow the strands to 
anneal. 

S The double-stranded IFN-a HRBZ with Cla I and Xba I cohesive ends is first ligated 

mto the pKSn^ plasmid vector, prepared by digestion with Cla I mAXbal, treatment with 
CIAP, and treatment with "(XNEGLEAN.** This plasnoid is known as pKSIFNaHRBZ. 

The IFN-a hairiMn iflxuyme moiety is liberated finom the pKSIFNaIO(BZ plasmid by 
digestion with Cla I and A&a I, purification by 2% Nu-Sieve/l 94 agarose dectrophoresis and 
10 "GENECLEAN/ and insertion into the deared vector backbone; pteputA by digestion with 
Cla I mdXba\ and treatment with OAF. Several possible SindUs vectors some of ixduch 
are shown below, and whose detailed construction is desoibed in Examples 2, 3, and 4 are 
suitable for the insertion of the IFN-a hairpin tibo^me moiety: 

15 X£ct2r Functional Junction Region MA 



pKSSINBV 
pKSSINBVdUR 

pKSSINdURsjrc + 

pKSSINdlJRqrPC + 

20 pKSSINdURqrNP(7S82-7601) + 

pKSSINdURsogr -¥ 

pKSSINdlJRsjrcAdE3 + 

pKSSINdURsjrcHBOl + 



25 Since the ribozyme activity operates at the level of RNA, it is not necessary that this 

region is expressed as a portion subgenomic mRNA. Howevo-, i^en placed downstream of 
a fiinctional junction region, the level of ribozyme ^nthesized is much greater and perhaps 
more eflfective in cleaving the IFN-a KNA target. 

Further, in some applications, for example systenuc expresaon of protean, multiple 

30 dose administration to an individual is required. In these applications^ prolonged e9q)ression 
of the therapeutic palliative without induction of an immune re^onse targeted towards the 
vector infected cell is desired. In this configuration, the IFN-aHRBZ moiety could be 
inserted upstream of the adenovirus E3 or hunum cytomegalovirus H301 genes, which 
down-regulate the expresaon of MHC dass I molecules in infected cells. Following the gene 

35 which modulates MHC class I expression is, consecutively, an IRES dement sdected fix>m 
among the group described in Example 5, and the therapeutic palliative. Ordered insertion of 
the hairpin ribozyme. Ad E3 or CMV H301, IRES, and heterologous gene of interest 
components along the multiple doning sequence located in the vector between the vector 
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junction r^on and 3' end is accomplished by modification witfi the q)prDi»iate restrictior 
en^e recognition sites of the component 5' and 3' ends. In these constractions^ fimctional 
INF-a haiipin ribozyme palliatives wiU be present at the levd of both sul^genomic and 
positive stnmded genomic Sindbis vector RNA. 



EXAMPLE 20 

RECOMPlHArTr AlJHA VIRUS VtCTC» Par vprir»« 
ffiSS CYTOiaNES. CYTOIONE RECBPTOBS HP nnuQPtyrBMTlA-mgs 



A. VfeCTORCC 

1. Gamma ImTOFKBnM 

Murine gamma interferon is subdoned from the retroviral vector plasmid pN4uy-IFN 
(Howard et aL, .4m N.Y. Acad Sci. 775:167-187, 1994) by digesting with Ob I and making 
the tennini bhmt by Klenow enzyme and dNTPs. After heat inactivation of the Klenow 
cnzym^ the vector is digested with A%o L The resuhing 800 bp fragment containing the 
coding sequences of gamma interferon is isoUtted from a 1% agarose gel. pKSSINBV 
(Example 3) is digested with AKo I and 5itu I, and the vector is purified by <SENE-C^^ 
□ and ligated with the gamma interferon insert. The resuhing vector constraction is known 
as pKSSINMuy. The human gamma interferon gene (Howard etal.. 5191m) is similariy 
inserted into pKSSINBV using the same strat^. The resuhing vector construct is known 
as pKSSINHuy. The imerferon eiqwessing Sindbis vectors are then packaged into Sindbis 

virions. This is accompUshed by introdudi^ RNA from these vectors into a packaging cell 
line as described in Example 7. 

The mouse and human interferon genes are also cloned into pVCELVISSINBV- 
linker (see Example 3). Briefly. pVCffiLVISSINBV-linker is first digested with i4ic I and the 
tennini made bhmt by the addition of Klenow enzyme and dNlPs. The Klenow is heat 
inactivated and the vector is subsequenUy digested with A%o I. This vector is purified by 

CffiNE-CLEAN^D and ligated to the gamma interffcfon inserts prepared as described above. 
The resuhing vectors are described pV(SLVIS-Miiy and p VCSLVIS-Hiiy, respectively. 

2. l>ireRLBMCTM.2 

The human lL-2 gene is doned by PGR amplifkation into the KT-3 letrovinl 
backbone (Howard et aL, Ann N.Y. Acad. ScL 716:167-187, 1994). The source for the 
IL-2 gene is a pBR322 based plasmid which contains the IL.2 cDNA (ATCC # 
61391). The cDNA is PGR amplified using a standard thxee-temperature protocol 
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as described in Example 3. The 5* primer is the sense sequence of the hIL-2 genj 
complimentary to the 5' coding region begixming at the ATG start codon. 
Additionally/ a Xho I site is built into the 5' end of tiie primer sequence. 

5 5'hII^2 (SEQ.IDNO. ) 

GCCrCGAGACAATGTACAGGATGCAACTCCTGTCr 

The 3* primer is an antisense sequence of the hILr2 gene complementary to the 3' 
coding region ending at theTAA stop codoiL^Additionally/ a Oa Isite is built into 
10 tiie 5' end of the primer sequence. 

3'hIL.2(SEQ.IDNO. ) 



15 The FCR amplicon is purified in a 1% agarose gel. To place the IL-2 gene in the KT- 
3 retroviral backbone, pMuy-IFN is digested witii Xho I and CZa I to remove tiie 
i n ter fe r on gene. After treatment with phosphatase/ the vector is purified in a 1% 
agarosegeL The vector and IL*2irisert are Ugated and transformed 
procedures, and recombinant dones are screened by restriction enzyme anals^is. 

20 The resulting vector is desigruited pKThILr2. 

I&iman IL-2 is siibdoned fixim the retroviral vector pKTKIL2, into the pKSSINBV 
vector, using the same stnttegy employed for nnirine gamma im The resulting vector 

construction is known as pKSSIN-fauIL*2. The human IL-2 gene is also cloned into 
pVGELVISSINBV-linker as desoibed above for the gamnm interfere The resulting 

25 construct is designated pVGELVIS-IL-2. 

3. HSV-IK 

The coding region and transcriptiorud termiruition sigruds of HSV-1 
thymidine kinase gene (HSV-TK) are isokted as a 1.8 kb Bgl U/Puu U fragment 

30 from plasmid 322TK (McKnight et aL, Nuc Adds Res. 8:5949, 1980) doned into 
pBR 322 (ATCC No. 31344). The ends are made bhmt by the addition of Klenow 
enzyme and dNTPs. The 1.8 kb fragment is isolated on a 1% agarose gel and 
ligated to pKS SINBV which had been previously digested with Stu I 
phosphatased and gel purified. This construct is known as pKSSINBV-TK For use 

35 is physical gene transfer experiments, tiie TK gene is similarly doned into 
pVGELVlS-SINBV-Iinker. The vector is prepared by digestion with Pml I 
phosphatase treatment and isolated on a 1% agarose gd. This vector construct is 
known as pVGELVBBV-TIC 



GAATCGATITATCAAGTCAGTGTTGGAGATGATGCT 
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B. ADMINISTOATtnM 

Any of the above-described vector constnicts may be utilized aloqg with r^j^ 
cefl lines described in Example 7. In order to produce recombinant alphavinis partides 
5 suitable for administration to animals (eitber directly or indirectly), or for infecting taiget 
ceDs. Such vector constructs may also introduced directly imo target cells as a "naked" 
DNA molecule as a DNA complex with various liposome formulations, or as a DNA Ugand 
complot ineluding the alphavmu DNA vector molecule (e.g., along with a polycation 
compound such as polylysin^ a receptor specific ligand, or a psoralen inactivated vinis^such 
10 asSendatorAdenovinis). 



15 



From the foregoing, it win be appreciated Aat, although specific embodiments of the 
invention have been described herein for purposes of iUustration, various modifications may 
be made without deviating fiom the spirit and scope of the invention. Accordingly, the 
invention ii not limited except as by the appended daims. In addition, a Sequence Li^g 
has been inchided herewith in accordance with the provisions of 37 C JJt § 1.821 eiseq. 
To the extent any discrepancy exists between the Specification Figures and the Se(|uence 
ludag, the specification or Figures should be cleaved to be the primaiy document. 
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(2) INFORMATION FOR SEQ ID NO: Is 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 16656 baaa paira 

(B) TYPES nuclaie acid 

(C) STRANDEDNESSs Bingla 
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(xi) SEQUENCE DESCRIPTI(»ls SEQ ID NOsls 






ATTGACGGCG 


TAGTACACAC 


TATTGAATGA 


AACAGC06AC 


CAATCGCACT ACCATCACAA 


60 


TGGAGAAGOC 


AGTAGTAAAC 


GTAGAOGTAG 


AOCCCCAGAG 


TCCGTTTGTC GTGCAACTGC 


120 


AAAAAAGCTT 


CCCGCAATTT 


GAGGTA6TAG 


CACAGCAG6T 


CACTCCAAAT GACCATGCTA 


180 


ATGCCAGAGC 


ATTTTOGCAT 


CTGGCCAGTA 


AACTAATOGA 


6CTGGAGGTT CCTACCACAG 


240 


CGAOGATCTT 


GGACATAGGC 




CTOGTAOAAT 


OTTTTOOOAG CACCAGTATC 


300 


ATTGTGTCTG 


CCCCATGOGT 


AGTCCAGAAG 


ACCOGGACCG 


CATGATGAAA TAT6CCAGTA 


360 


AACTGGOGGA 


AAAAGOGTGC 


AAGATTACAA 


ACAAGAACTT 


GCATGAGAAG ATTAAGGATC 


420 


TC06(SA0CGT 


ACTTGATACC 


COGGATGCTG 


AAACAOCATC 


GCTCTGCTTT CACAACGATG 


480 


TTACCTGCAA 


CATGCGTGCC 


GAATATTCCG 


TCATGCAGGA 


0CT6TATATC AACGCTCCCG 


540 
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OAACTATCTA 
CCACCCA6TT 
OOGAOGAOAA 
OTMOMAGO 
ATTTCTOOGT 
TTOCATOOQT 
TOMTTQCOA 
COQTOGOUlk 
CMTMMGG 
ATCMAT6AC 
TTGGGCTCAA 
AAAATTACCT 
ATCATCTTGA 
TGTG0G06TT 
G0QXAAAA6T 
TOOCXakTGXC 
TGCTGGA06T 
AG6AAGCCAG 
T00AGQGIU3C 
GATTAGTTGA 
T0G6AGAGTA 
OGCAOCOOCT 
CGGTCGAACC 
AATTCCTA6C 
GCAAACTATA 
AOGTTACAAA 
GOOTIAAOAA 
ATCASGA0CT 
CaUiTAOOMT 
OGOGAOGAGA 
T6CTAAGACT 
6AT6CCACAA 
CACTACTTGC 
CCAT0CAAT6 
AA6ACATATG 



TCATGA6CCT 
CATGTTCTOO 
AGTGCnGAA 
AAAATIOTOG 
MOATOQACA 
OnCCACTTQ 
AMCXAOOTA 

ooooomcA 

A OAAOO Q OTA 
TGGTCTAATQ 
OCAOCOAATT 
TCTGCOGAZC 
TAAOOAGAAA 
T06CACTAA6 
COGAGCCTCT 
GCTOnOGCAO 
CTOCC A O Q AA 
A6O0GA0AM 
OGGAQAAOTT 
AAOCO0GO6C 
T ATOG TT O T C 
A6CA6ATCAG 
ATAOOAOCCT 
ACT6AGT6AG 
CGACARGCC 
OOCAmGCTT 
GGAAQAAOCC 
ACCTCTG6A0 
OATAC6CACA 
TCTTGTTACC 
6AGG0GTATG 
A6C06TAGAA 
CTTGATTCCT 
OGGATTCTTC 
GACCAA6ACA 



ATOAAAGOOO 
6GTATG0GAG 
OCOOGTAACA 
ATAATOAOGA 
CTTTATOCAC 
AAXOOAAAGC 
GTGAAGAAAA 
CACAAXA0OO 
TOOTTOCCTO. 
OCCAO O C A TA 
OTGATTAAOO 
AtAGGACAAO 
ATOCTGGGXA 
AAAGTACATT 
TTXABOGCTT 
AAATTGAAAC 
TTAaSCAMO 
CTCOgAB AAO 
0TCT0C6AA6 
G63GACS0TAA 
70GCCMACT 
GTTAAGATCA 
AAACTACTCA 
A60GCXSA0GT 
ATOGMGGCC 
6GAGAAACAG 
TGAGGTCT6G 
OGACTGAAGA 
COGGGGTOOG 
AG06GAAAGA 
GAGATTAOGT 
GTGCTGTAOG 
ATOGTGAGGC 
AACATGATGC 
TTCTAGAAGT 



TGOGGACOCT 
GTTOGTACCC 
TOOGACTTTG 
AGAAQGAGTT 
AACACAGA8C 



TGAOGATCAB 
AGGGCTTCTT 
.TGTGCAOGXA 
TATCACCTGA 
OTAGGACTAA 
GGTTCAGCAA 
CTAGAGAAOG 
06TTTTAT06 
TOOOGATGTC 
IGOCAncCA 
AGGCGAAOGC 
CACTTCCACC 
TOGAGGGGCT 
GGAIAATACC 
CTGTGCTGAA 
TAACACACTC 
TGCCAGCAGG 
TAGTGTACAA 
COGCC A AQAA 
AGTAOGTGTT 
TCCTCTOGGG 
CCCGACCTCC 
GCAA6TC0GC 
AAGAAAATTG 
0GAA6ACAGT 
TTGAOGAAGC 
CC06GAAGAA 
AACTAAAGGT 
ATATCTCOOG 



GTACTGGATT 
TQOGTACAAC 
CAGCACAAIkG 
GAA60C0GGG 
CA6CTTGGAG 
TIGOOOCSGT 
SCC06GQATC 
GCIATGGAAA 
CA70C0GGCC 
06ATGGACAA 
CA00AAC3UXS 
ATGGGCXAAG 
CAA6CTTACG 
OCCACCTGGA 
GTOCGTATGG 
ACCAAAGAAG 
TGCTRXGM 
ATXMTGGCA 
CGAGGOOGAC 
TGAACC2UUiT 
GAATGCCAAA 
OGGAAGATCA 
AGGTGC06TA 
CGAAACAGAG 
7ACAGAAGA0 
TGAOGTGGAC 
AGAAC7GACC 
GGTCC007AC 
TATTATGAAG 
TCGOGAAATT 
AGATTOGGTT 
GTTOGOaTGC 
GGTA6TACXA 
ACATTTCAAT 
GOGTTGCAGA 



G6CTTOGACA 
ACCAACXGGG 
CTGAGTGAAG 
TOGOOGGTTT 
A6CT6GGATC 
GATACAGTOG 
AOGGGAGAAA 
GTIACTGACA 
AOGATATGCG 
AAACRCTGG 
AACAOCATGC 
GA606GAAGG 
TAT6GCTGCT 
A06CAGACCT 
AOOACCTCTT 
GAGGAAAAAC 
GATGCTGAOG 
GACAAAOOGA 
ATOOGAGGAC 
GAC06TAT0A 
CTOGCACCAG 
6GAAGGTACG 
CCATGGCCAG 
TTTGTGAACC 
GGGCAGTACA 
AAOAMOGTT 
AACCCTCCCT 
AA6GT06AAA 
TCAACTGTCA 
GAGGC0GA06 
AT6CTCAA0G 
GAOGGAGGAG 
TGOGGMACC 
CACOCTGAAA 
CAGCCAGTTA 



600 
660^ 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2260 
2340 
2400 
2460 
2520 
2580 
2640 
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GAAAfiATCAA 
wnnnwAAwm 




CCCTGCAAGA 


2700 




t%nX w^MiX AX X 


xcAooocecA. 




WwWflWWWWAA 


ATCATCCTCA 

A J» WA A WWA WA 


2760 


CATGTTTCOO 


M94#WXVVWX X 


AACCAATTCSC 
jwiw^Minx A WW 




TCCCQOACAT 


GAAOTAATGA 

WAAW & AA A WA 


w 




nn^xnm. m aaa 


WXAAW^mAWAA 


AAIS0A09O¥A 
miwwnwxwxA 


^^A^i^A*|*^fV2A 
AW\mmVA W^AffW 


CAOAAAflTCA 

WAWAAAW AWA 


AO WW 




ACTGTA06C0 


AxwAUlxvAw 


AWWAXw X wAA 


^A9XWX XwVX W 




2QA0 


Jhm«A!CA0vwX 


« MMA'NSAm & m 
JlKpTvAvQAliA 


AwwxXwvAww 


w\^«AwwV^AXW 


WAX X AftW%«flW 


ATAA6TAACA 
WXwAw X AAWA 


3QOO 


TACCTJUUUiO 


AAACTTTCSAO 


wwxAwxAXAw 


AWWAWXWWWA 


AOGTOAAGAC 
AWxwAn%«nw 


AACISCAATAA 

AAWWWAAXAA 


JwwV 


TTGCTGGAAT 


m &mom ATV^^r* 


AOTOCCOOXO 


^v^v^ m 'P^^OAI't' 
V^WHAXWWWA A 


CACGTCGAAG 


ACCAACMITTT 

AWWAAWWA X A 


<JXA v 




AKiWiXXvvAA 


UmkAXAWXAw 


W%«A\A#WWV^0W 


MM JL fnMAtp ACT*P 
AAA X AW A A 


0. ■ > ■ 

AWS^VWA A WWW 




AISZvGiilDCGJi 


ACTGTTCCCA 


WAWX X XWWMW 


ATV3AGAAXGC 

A X W JIWJIHA 


A WAX XV^fWWW 


A*PT*T*AOCCCT 

A A X XA\AVWWA 


3240 


TJwZAOwTAliT 


TT6CATTAA6 


'XX X X X^AflwVA 


TGGACT7GAC 


AAfi<%/3Anm 

AAw^gw A w Xw 


TXTXCTAAAG* ^ 


3300 


IuSJiGCaTCCC 


ACTAAOGTAC 


CATCCOGCOG 


ATTCAwCQAw 


GCOGGTAGCT 


wAxxwwwAwA 




IkGAGCCGAGG 


AAOCC6CAAC 


TATGGwTACw 


ATwAuiOCAT 


TwwwGwOOAA 


wTwTwwwwXA 




6ATTTC06GT 


6TTCCAGCTA 


wwTwwwAAwO 


wCACACAACX 


TGATTTGGAG 


AOwwww AwaA 




CGAGA6RAT 


CTCTGCACAG 


CATAACCTGG 


TCCCGGTGAA 


CC6CAATCTT 


CCXCACGwwT 


^ CA A 


TIUSCOCCCGA 


otacaacoao 


AAGCAAwCCO 


GCC08GT06A 


AAAATTCTTG 


AAwCAwTTwA 




AACaCCACTC 


A6TACTTGTG 


wYATCAwAww 


AAAAAATxwA 


AGCTCOCCGT 


AAwAwAAXiAv 


An 




CCO0AT7G6C 


ATAwCOBwxw 


wAwATAAmAA 


WXACAACWXw 


6CTTTCG0GT 


J / «u 




6GCA0GGTAC 


GACCTOGTGT 


xWAXWAAWAX 


XlAiAAWxAAA 


XAwAwAAAwW 


W / WW 


ACCACTTTCA 


AT^mAl^aflfllklk 
wwAwXwMiAA 


WAbWAXwVMW 


OGACCTTAAA 


AGCOCTTTOG 


OGTTOGGCCC 


www 


TGAATTGOCT 




wwwIwCwyww 


TGGTGAAGTC 


CZATGGCTAC 


AAM£&riAAAm 






X Aw XAmAWW 


A^'^P^^Pf^^S^^^'m 
wwx X AlWwwn 


GAAAGTTTG7 


CAGGG!I^i^!f 


QGAfiGOAOAC 

WWAWWWAWAW 


3960 


CAGATTGT6T 


WXWAAln«AAX 


AWfMMWinXWX 


AOCTGATXTT 




fSAGAACAOOC 

WAWAAWAWWW 


d020 






GAOGATCTGA 


AT7606TGAT 




'PA4V3AfifiA4*A 
X AXWAWWW X A 


^vow 




ASVXXWWAWWW 


w%^vwwWAwnA 




AAfSCCACAAT 

AAWWWAWAAA 


JKA AWWAWAWA 


4140 


& AAA 


AGCAOXT^TC 


m m rvsnm Arv«m 


AX^M^WXIMVW 


TAfiAfiCACSCC 


OAAfiCACTCT 
wnnwwAWAWA 


4200 


OOOGTOCCAT 


WX Ax AAA * 


XWWWVWAW%«A 


GTTTTACOOA 




fSARAnAflfinA 


42fi0 

WW 




0A0TGTGX6C 


CTAOOAAAOA 
Jiwwffwwiwn 


AAOTfiATCCA 


AAAAA*P^AA A 


AlA^'AA*^**P^*^l^ 

Ww*w*»A • A WW 


4320 


AAA m A^ft rvw 


AfSAIkftf!AfiAA 




TGCTACaUUkA 


CBOCXACCAT 


GCA6TGGCAG 


4380 


ACTTAGTAAA 


T6AACATAAC 


ATG3UU3TCIG 


T060CATTCC 


ACTGCTATCT 




4440 




AAAAGACOGC 


CTT6AAGTAT 


CACTTAACTG 


CTTGACAACC 


GCGCTAGACA 


4500 


6AACT6A0GC 


GGAOGTAACC 


ATCXATTGCC 


TGGATAAGAA 


GTGGAAGGAA 


AGAATCGACG 


4560 


OGGGACTCCA 


ACRAAGGAG 


TCTGTAACAG 


AGCXGAAG6A 


T6AAGATAT6 


GAGATCGAOG 


4620 


ATGA6TTA6T 


ATGGATCXSAT 




GCTTGAAGGG 


AAGAAA6G0A 


TTGAGTACTA 


4660 
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CAAAACOAAA ATTCTATTCQ TACTTOOAM GCACCJUUiTT CCKTCMQCh QCMAkSmCh 4740 
TOOCQOMAT AM0OTCCTG TTCOCTMXO ACCAGGAMO TAATOAACAA CXGHGTOOCT 4800 
ACAIATTOGG TGAOACCATG GAA6CAATCC GOOAAAAGTO CS00G6T0GAC CASAAOCOOT 4860 
CSTCIAGCCC GCCCAAAAOG TTGOOOTGOC TR0CAT6TA TOCCATQAOO 0GAGAAAGG6 4920 
TCCACA6ACT TAGAAGGAAT AAOGTGAAAO AAG7XACA6T AT6CTCCTCC A CO C OO CCTC 4980 
CTAAGCACAA AATTAAOAAT OnCAOAAGO nCAOTOCAC OAAAGTAOTC CTGmAATC 5040 
OOGAGACTOC 06GATT0GTT OCOQCOOGTA AGTACAXAOA AGTGCCA6AA CAGCCXACOG 5100 
CKCTCCT6C ACAGGC06AG GAGGOCOOCG AACTTOTAGC OACACOQTGA OCATCSAC3U5 5160 
CT6ATAACAC CTCXKrXTGAT GTGACASACA TCXGACM6A TATG6ATGAC AGZAGOGAAG 5220 

GCTCACTTTT TT06AGCTTT AG08GAT0GG ACAACTCXAZ TACTAOtATG GACAGTTOGT 5280 

OOTCAGGACC TAGTTCACTA GAGATAOTAO ACOGAAOGGA GGTGGTGGT6 GCIGAOGTTC 5340 

ATOOOGTCCA TGAGOCTGOC CCTATTCCAC O CCCAAGG C T AAAGAAGATG GC006CCIGG 5400 

CAGOGGGAAG AAAAGAGCCC ACTOCAOCGG GAAGCakAXAG CTCXGAGTCC CTOCAOCTCT 5460 

CRTTGGTGG GGTATCGATG TCCCTOGGAT CAATTROQA OOGAGAGAOO GCCOOCCAOG 5520 

CAGOGGTACA ACCCCtGGGA ACAGGOOOCA OGGATGTGCC TATGTCTTTC GGATOGTTTT 5580 

00GA006AGA OATTGATCAG CXGA6C0GCA GAGGAACZGA GTOOGAAOCC GTCCTCTTTG 5640 

GATCARIGA AC0GGG06AA GTOAACTCAA RATATOGTC OOOATCACOC GTATCTTTTC 5700 

CACTA06CAA GGAGAGAOGT AGAOGCAGGA GGAGGAGGAC TGAATACTGA CTAAC06GGG 5760 

TAGGTGGGTA GATATTTTOG AOGGACACAG GCCCTGOGGA CTTGCAAAA6 AAGTCOGTTC 5820 

TGCAGAAOCA GCTTACAGAA COGACCTTGG AGOGGAAT6T OCTGGAAAGA ATTCATOCCC 5880 

OGGTGCTCGA CA0GT06AAA 6AGGAACAAC TCAAACTCAO GTACXaUSATO ATGCCCACCG 5940 

AAGCCAACAA AAGTAOGTAC CAGTCT06TA AA6TA6AAAA TCAGAAAGGC ATAACCACTO 6000 

AGOGACTACT GTCAGGACTA 06ACT0TATA ACTCTGOCAC ACATCAGCCA CAATCCTATA 6060 

AGATGACCTA TCCCAAACCA TT6TACTCCA GTAG06TACC GC06AACTAC TCCOATCCAC 6120 

AGTTC6CTCT ACCT6TCTGT AACAACTATC TGCATOAGAA CTATC06ACA GTACCATCTT 6180 

ATCA6ATTAC TGAOGAGTAC GATGCTTACT TGGATATG6T AGAOGGGACA GTCGGCIGOC 6240 

T66ATACTCC AACCTTCTGC CCCGCTAAGC TTACAAGTTA COOGAAAAAA CATOAGTATA 630Q 

GAGCCCOGAA TATCCCCACT COCCTTOCAT CAGOGATGGA GAACAOGCZA CAAAATGTGC 6360 

TCATTGCOGC AACTAAAAOA AATT6CAAC0 TCAOGCAGAT GO0TGAAC7O CCAACACT6G 6420 

ACTCAGOGAC ATTCAATGTC GAATGCTTTC GAAAATATGC ASGTAATGAC GAGTATTGGG 6480 

A6CAGTT0GC TCCGAACCCA ATTA6GATTA CCACTGAOTT TGTCACCOCA TATGTAGCTA 6540 

6ACTGAAAG6 CCCfTAAGGCC CCCACACTAT WCCAAAGAC OTATAATTTG GTCOGAnCC 6600 

AAGAAGTGCC TATGGATAGA TT06TCATGG ACATGAAAAG AGA06TGAAA OTXACAOCAG 6660 

GCAOGAAACA CACAGAAGAA AGACCGAAAG ZACAAGTGAT ACAAGCOGCA GAACOCCZGG 6720 

0GACT6CTTA CTTA7G06GG ATTCAC06GG AATTAGTGOG TAGGCRAOG GCOGTCTTGC 6780 
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TTCCMACIkT XCACMGCTT TTTGACIiTOT 06G0GGAGGA TTTT0AT6CA ATCATAOCAG 6840 

AAGACTTCAA GCAAGGOOAC COGGTACTGG AGA066ATAT CGCATCATTC aACAAAAGCC 6900 

AAGACGAC96C TATG006TTA ACO0OTCT6A TCATCTTGGA GQACCTGG6T GTGGATCAAC 6960 

CACTACT06A CTTOATCGAG T60GCCTTTG OAOAAATATC ATCGACCCAT CTACCTAOGG 7020 

6TACT06TTT TAAATT06GG 60GATGAT6A AATC06GAAT GTTCCTGAGA CTTTTT6TGA 7080 

ACACA6TTTT 6AATGTO0TT ATOGCCAOCA GAOTACTAOA AOAOOGGG7T AAAA06TCCA 7140 

6ATGTGGAGC GTTCATTOOC OAOGACAACA TCATACATGO AOTAGTATCT OACAAAOAAA 7200 

TGGCTGAGAG 6TG0GCCA0C TG6CTCAACA TCGAGGTTAA 6ATCAT0GAC GCA6TCATC6 7260 

GTGAGAGACX: ACCTTACRC TGCGG06GAT TTATCTTGCA AGATTOGGTT ACTTCCACAG 7320 

CGTGCO0O6T GGCGGATCCC CTGAAAAGGC TGTTTAAGTT GGOTAAAC06 CTCCCAGCC6 7380 

AOGAOGAGCA AGA06AAGAC A0AAGA06CG CTCTGCTAOA TGAAACAAAG GCGTGGTTTA 7440 

GAGTAGGTAT AACAGGGACT TTAGCAGTGG C06TGACGAC C06GTATGAG GTA6ACAATA 7500 

TTACACCTGT CCTACTGGGA TTGAGAACTT TTGCCCAGAG CAAAAGAGCA TTCCAAGCCA 7560 

TCAGAGGGGA AATAAAGGAT CTCTACX^GTG GTCCTAAATA GTGAGCATAG TACATTTCAT 7620 

CTGACTAATA CTACAACACC ACCACCATOA ATAGA6GATT CTTTAAGATG CTOGGCOOCC 7680 

GCCCCTTCCC GGCCCOCACT GOCATGTGGA GGC060GGA6 AAGGAGGCAG GOGGCOCOGA 7740 

TGCCTGCCCG CAACGGGCTG GCTTCTCAAA TCCAGCAACT GACCAGAGCC GTGAGTOCOC 7800 

TAGTCATTGG AGAGGCAACT AOACCTCAAC CCOCAC90TCC AOCCCOOCCA OOOOGCCAOA 7860 

AGAAGCAGGC GCCCAAGCAA CCACOGAAGC CGAAOAAACC AAAAACGCAG GAGAAGAAOA 7920 

AGAAGGAACC TGCAAAACCC AAACCCGGAA A6AGACA60G CAIGGCACT7 AA6TTGGAGG 7980 

COGACAOATT GTTCGAOGTC AAGAAGGAGG A06GAGATGT GATOGGGCAC GCACTGGOCA 8040 

TGGAAGGAAA GGTAATGAAA CCT CTG CAOG TGAAAGGAAC CATOGACCAC CCTGTOCTAT 8100 

CAAAGCTGAA ATTTAOCAAG TCGTCAGGAT ACGACATOGA G TT C6 CACAG TTGOCAGTCA 8160 

ACATGAGAAG TCAGGGATTC ACCTACACCA GTGAACAOOC C6AA6GATTC TATAACTGGC 8220 

ACCACGGAGC GGTGCAGTAT AGTGGAGGTA GA7TTACCAT 0CCT06CGGA GTAGGAGGGA 8280 

GAGGAGACAG CGGTOOTCCG ATCATGGATA ACTCCGGXOG GGTTGTOOOG ATAGTOCTCG 8340 

GTGGOGCTOA TGAAGGAACA OGAACXGOCC TTT06GT0GT CAOCTGQAAT AGTAAAGGGA 8400 

AGACAATTAA 6A06ACOCCG GAAGGGACAO AAGAGTGGTC CGGA6CA0CA CIGGTGACGG 8460 

CAATGTGTTT GCTCX86AAAT GTOAGCTTCC GATGOGACCG CCCOCCCACA TGCTATAOCC 8520 
606AACCTTC CAGAGCCCTC GACATOCTTO AAGA0AA06T 6AACCATGA0 GCCTACGATA . 8580 

CCCT6CTCAA TGCCATATTG 0GGTG06GAT OGTCXGGGAO AAGCAAAAGA AGOGTOOTTG 8640 

ACGACTTTAC OCTGACXAGC CCCTACTTGG GCACATGCTC GTACTGCGAC CATACTGAAC 8700 

06TGCTTCAG CCCTGTTAAG AT06AGCAGG TCTGGGA06A A006GACGAT AACAOGATAC 8760 

6CATACAGAC TTC0GCCCA6 TRGGATACG AOCAAAGOGG AGGAGGAAGC GCAAAGAAGT 8820 
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AOOOCXAC^T 6T06CTTMG OOGTTMMA MGGACCATO GAtGACATCA 8880 

AOATTAGGM CXCAfiGACOG T6TA0MOGC TTACCTACJU^ ACCSATACTTT CTCCTOGCAA 894C 

AATOCOCTOC MGOQACAGC GTAA0G6T3A GGATMTOAO ZMGAACTCA OCAAOGTCAT 9000 

6XACACTGGC G00CAA0A7A AAACCAAAAT TOOTGGQACao GGAAAAATAT GASCXAOCTC 9060 

COOTTCAOQG TAAAAOAATT OCRGGACAO TOTAOOAOOO VCXGAAAACA ACMGAOOCT 9120 

ACATGACXAX OCACA0OCOO GGACOOGACO CtXAXACATC CXAOnGGAA OAAXCAVCAG 9180 

WAAAGTTTA OOC AAA OOOO CCATCTGGGA AGAAGARAC GXAXGAOXGC AAGTGOGGOG 9240 

ACtACAAGAC OG6AAOCGTT TOGACCOOGA CCGAAATCAC TGGTTGCACC GCCATGAAOC 9300 

. ^ AiGTOOGTOGC CXATAA6AGC GACCAAAOQA AGTGGGTCTT CAACTGACC9G GACTTGATGA* 9360 

GACATGAOGA OCACAOGGOC C A AOGG A AAT T6GATTTGCC TTT CA AGCTG ATOOCGGGSO 9420 

OCTGCaiTGGT CX^CIGTTGCC CAOGOGOOGA ATGTAATACA TGGCTTTAAA GACATCAGOC 9480 

TOCAATTAGA tACAGAOCAC TZGACATTGC TCAOCAOCAG GAGACSAGGG GCaUVAOOCGG 9540 

AACCAACCAC TGAATGGATC GTOOGAAAGA OGGTGAGAAA CTTCACOGTC GAOOGAGATG 9600 
GCCTGGAATA CATATGGGGA AATCATGAGC CAGTGAGGGT CXAXGOCGAA GAGTGAOGAC - - 9660 

CMGAGACCC TCAOGGATGG O C ACA C6AA A TAGZACAGGA nACTAOCAT OGOCATOCTG 9720 

WXACACCAT CTIAGOOGTC GCATCAGCTA CXXSIGGOGAT GAIGATXGGC GTAACTGTTG 9780 

CA67GTTATG TGCCTG7AAA GOGOGOOOTG AGtGCCTGAC GOCATAOGCC CZGGCCCCAA 9840 

AOGCOGTAAT OCCAACTTOG CIGGCACICT TGTGCTOOOT TA6GT0CCCC AATGCTGAAA 9900 

OGTTCAOCGA GACCATGAGT TACTTOTGGT OOAACAGTCA GCOGTTCTTC 1GG6TCGA6T 9960 

TG3GGATACC TTTGGCC9000 TTCATOGTTC TAAMOGCTA CTGCTCCTCC TGCCTGCCTT 10020 

TITTAGTGGT TGCCGGCGCC TACCTGGOGA AOGTAGACGC CTACGAACAT GCGACXACTG 10080 

TTCCAAATGT GCCAGAGATA CCGTATAAGG CACTTGTTOA AAGGGCAGGG TATGCCG06C 10140 

TCAATTTCGA GATCACTGTC AIGTCCTOGG AOGTTTTCCC TTCCACCAAC CAAGA6TACA 10200 

TTACCTGGAA A7TCA0CACT GTGGTCCCCT OCCCAAAAAT GAAAT6C1GC COCTCCTTOG 10260 

AAXGTCAGCC GGOOGCTCAT 6GAGACTATA CCTGCAAGGT CTT06GACCG GTCTACCCCT 10320 

TXAXGTG6GG AOGAGOGCAA TGTTTITCCXJ ACAGTGAGAA GAGCCAGATG AGTGAGGOGT 10380 

AOOTCGAATT GTOGCAGAT TGOGOGTCTG ACCA060GGA GGCGATTAAG GTGCACACaJC 10440 

0060CATCAA AGTAGGACTG CCTATA6T6T AOGGGAACAC TACCAGTTTC CTAGATOTGT 10500 

A0GT6AA0CG A6TC5ACACCA CCAAC«TCTA AAGACTTGAA AOTCATAGCT GGAOCAATTT 10560 

CAGCATCXSTT tTAOGCCATTC GATCATAACG TOGTXATOCA T00066CCTG GTGTACAACT 10620 

ATGACTTCCC GGAATATGOA G06ATGAAAC CAGGAG06T7 OGGAGACATT CAAGCTACCT 10680 

CCTTOACraC CAAGGATCTC ATOGCCAOCA CACACATTAO GCTACTCAAG CCTTCOCCCA 10740 

AOAAOGTCCA TOTCCCOTAC ACGCAGCC06 CATCAGGATT TGAGATGTCG AAAAACAACT 10800 

CACOOOGCOC ACTGCAGCAA ACOGCACCTT TOGGGTCTAA GATTGCAGIA AATCOGCTCC 10860 

GAG06GTGGA CT6TTCATAC GG6AACATTC CCATTTCTAT 16ACATC00G AAOCCTGCCT 10920 
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nATCAGOAC ATCAGAT6GA CCACTOOTCT CAJUAOTCAA ATOTGAAOTC MTOXGTOCA 10980 

CTTATTCMC AGACTTCG6C GGGATGGCCA CCCTGCAGTA T6TATCOQAC CQOGAAGGTC 11040 

AATGCCGOGT ACATTOGCAT TOQAGCACAC CAACTCTCCA AGAGTOGACA GTACAT6TCC 11100 

TCGAGAAAGG AGC6GTGAGA GTACACTTTA GGAC0G06AG TCCACAGGCG AAC7TTATCG 11160 

TATOGCT6TG T6GGAAGAAG AGAACATGCA XTGCAGAATG TAAACCACCA GCTGACCAXA 11220 

TOGTGAGCAC CCOGCACAAA AATGACGAA6 AATTTCAAOC OGCGATCTCA AAAACATCAT 11260 

6GAGTT0GCT GTTTGCCCTT TTOGGOGOGG CCTOGTOGCT ATTAATTAXA GGACTTATOA 11340 

TTTTT GC TTG CAGCATGATG CTGACTAGGA CAOQiUUSATG ACOGCTACGC CCCAATGATC 11400 

OGACCAOCAA AACTCGATOT ACTT00GAG6 AACTGATGTG CATAATGGAT CAG6CT06TA 11460 

CATTAOATOC COGCTTACCG OOGGCAATAT AGGAACACTA AAAACTOGAT GTACTTCCXSA 11S20 

G6AAGCGCAG TGGATAAT6C TOOGGAGTGT TGOCAGATAA 0CACTATAT7 AACCATTTAT 11580 

CTAGOGGAOG CCAAAAACTC AAT6TATTTC XGMGAAGOG TGOTGCATAA TGCCACGCA6 11640 

06TC1GCATA ACTmATTA TTT C TTTT A T TAA7CAAGAA AATTTTOTTT TTAACATTTC 11700 

AAAAAAAAAA AAAAAAAAAA AAAAAXCTAO A6GGC0CTAT TCTATA6TGT GACXTTAAATG 11760 

CTAGAGCTCG CTGATCAGOC T0GACT6T6C C TT C T A GTTO OCAOOCATCT 6TTGTRG0C 11820 

CCTCOCOOGT O C CT TCCWG AC0CT6GAAG GTOCCACXOC CACT G T CC TT TCCTAATAAA 11880 

AT6AGGAAAT T6CAT06GAT WTCTGA6TA GGTGTCATTC TATTCXOGGG 0GTCGGG7GG 11940 

GGCM3GAGA6 CAAGGOGOAG GATTGGGAAG ACAATAOCAO GCAT6CTGGO GAX60G6TGG 12000 

GCTCTATGGC TTCTGAG606 OAAAGAACCA GCT0GG6CTC TAGGGGGTAT OCOCAOGOGC 12060 

OCTGTAGOGG CGCATTAAGC GOGGOGGGTG TCGTGGTTAC GOGCAGOGTG AGOGCTACAC 12120 

TTGOCAGOGC OCTAGOGCCC CCT O CTTTCC CTTTCTTOOC TTOCTTTCTC GCCAOGTTOG 12180 

COGGCTTTCC OOGTGAAGCT CTAAATOGGG OC A TOC C TTT AGGGTTCOGA TTTA6TGCTT 12240 

TAOGGCAOCT OGACCCGAAA AAACTTGATT A6GGTGATGG TTCAOGTAGT GGG0CATC6C 12300 

CCTGATAGAC GGTTTTTOGC C C TCT G AOGT TGGAGTOCAC GTTCTTT A AT AGTGGACTCT 12360 

T G TTCCAAAC TGGAACAACA CTGAACCCTA TCTOGGTCTA TTCTTTTGAT TTATAAGGGA 12420 

TTTTGGGGAT TTOGGCCTAT TGGTTAAAAA AXQAGCZGAT TTAACAAAAA TTTAAOGOGA 12480 

ATTAATTCT6 TGGAA7GTGT GTCAGTTAGG GXGZ6GAAA6 TOCOCAGGCT CCCCAGGCAC 12540 

GCa^OAAGTAT 0GAAAGGAT6 CATCTCAATT AOTCAOCAAC CABGTGTOGA AAGTCCOGAG 12600 

GCTOCCCAGC AGGCMAAGT ATGCAAAGCA TGCATCTCAA TSAGTCAGCA ACCAnGTCC 12660 

OGCOCCIAAC TOOGOCCATC COGOCC CT AA CTC060CCAG XTCC3GCCCAT TCTOOGOCOC 12720 

ATOGCTGACr A A lTgt CTTT ATTTATGCAG AGGCOGAGGC OGCCTCTGCC TCTGAGCXAT 12780 

TCCACAAOTA GTOAGGAGGC nTmOGAO GCCXAGGCTT TTGCAAAAAG CTCOOGGGAG 12840 

CRGTATATC CATTTTOGGA TCTGATCAAG A6AGAGGATG AGGAT0GTT7 OGCATGATTG 12900 

AACAA6ATGG ATTGCAOGCA GGTTCTCCX^G CCGCTXGGGT GGAGAGGCTA TTCGGCTATG 12960 
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hCrOOQCACh ACAOACMTC GGCZGCTCT6 ATQC06000T GTTCOGGCTG TCMCQCAGG 13020 
0G0QCC0G6T TCTTTTTGTC AMACOOACC TGTC06GTGC CCTOMTOiUi CTGCAGGA06 1308C 
M6CAG00G0 6CTAT0GM0 CIGQCChCGh 06GG00TTCC nGOGGMCT GXGCTC0A06 13140 
nOTOCXaik MOGGOMGO OACTOOCTGC nnOGOOGJk AOTGOOOQGG GMGATCTCC 13200 
TQTCKtCICh CCTTOCTOCT OCOOAOAAM TATCCATCM GGCTGATGCIi AXOOOQOOOC 13260 

taaxhcact tgatooooct aocxococm toonccMCJi MonAMAT oogatogaoc 13320 

GMAOOTAC TOOGATGGM GCG9GGTCRG TOGATCMOA TGATCTGOAC QAAOAOCATC 13380 
A0GGGCSOOC GOCAOOOOAA CXOTTOOOCSA GGCTCMOOC OOOGAXOCOC OAOGOOmOG 13440 
AT C TOPTC O T GfUXCATOOC GATGCCTOCT TOCOQAATAT GATGOTGGAA AATGOCOOCT 13500 

TTTCIGOATT CATC6ACTGT 0600GGCXGG GtOTCGOOGA COOCTATCAG GA€ATAG06T 13560 

lOOCTAOCOO TOATAT90CT CaAAOAGCTTO GOQGGGAATG GGCTGAOOGC TTOCTOGTGC 13620 

TTTAOGGTAT CGCOGCTOOC 6ATTO0CMC GGATOGOCTT CTATOGCCTT CTTGA0GA6T 13680 

TCRCTGA6C GGGACtCTGG GGTTOGAIUkT GAC O GACCliA COOACGCCCA AOCTGCCATC 13740 

AOOAGATTTC GATTOBAOOG COOOCTTCTA TGAAA6GTTG GGCTTOGGAA T 0 6 TTTT C 0G 13800 

GGAO6O0GGC TGGATOATCC T0CM060CG GGATCTCMG CMGAGnCT TCGCOCACOC 13860 

CAACTT6ITT. ATTGCMCTT ATAATGGRA CAMTAMGC AATAGGATCA CMATTTCAC 13920 

AAASAAMCA T7TTTTTCAC TCCATTCXAG TT6TCGTTTG TCGAAACTCA TCAAT6TATC 13980 

TTATGATGTC T6TATA00GT OOACCTCTAG CTAGAGCTTG GOGTAATCAT CGTCATACCT 14040 

GTTTCCTCIO TCAAATXGTT ATOOGCTCAC AATTOCACM AACATACGA6 COCOAAGCAT 14100 

AAA6T6TAAA GCCTGGGGTC CCTAATGAGT GA6CTAACTC ACATTAATT6 CGTTGCX;CTC 14160 

ACIGCCOGCT TTCCAGTOGG GAAACCTGTC 6TGCCAGCTC CATTAATCAA TCGGCCAAC6 14220 

OGOGGGGMA GGOGGTTTGC GIAnGGGOG CTCTTCOCCT TCCTCGCTCA CTCACTCGCT 14280 

GOGCTOGGTC GTTCGGCIGC GGOGAGOOGT ATCACCTCAC TCAAAOGCGO TAATACCGTT 14340 

ATCCACAGAA TGA6GGGATA AOGGAGGAAA GAAGATCTGA 6CAAAAGGCC AGCAAAAGGC 14400 

CAGGAACOOT AAAAAGGCOG OGTTGCTOGC OTTTTTCCAT ACGCTCCGCC CCCCTGAC6A 14460 

GGATCAOAA AATCSCAOCCT CAAGTCA6AG GTOCC6AAAC COOACAOGAC TATAAA6ATA 14520 

CCMCOOTTT CXrCCTGCAA GCTOCCTOGT GOGCTCTOCT GTTCOGACCX: TOCOOCTTAC 14580 

CGGATACCTG TCOCCCTTTC TCCCTTO C GG AA6OGTGGC0 CTTTCTCAAT CCTCACCCTC 14640 

TAOGTATCTC ACTTCC6TGT A0GT0CTT06 CTCCAA6CTG CCCTOTOTOC A06AACCCCC 14700 

OCTTCAGCCC GACC6CTG00 CCTTATC50GG TAACTATOGT CTT6A6TCCA ACCCGOXAAG 14760 

ACAOGACTTA TOGOCACTCG CAOGAGCCAC TCGTAACAGG ATTAGGAOAG OGAOGTATCT 14820 

ACGOGGTGCT AGAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA GAAGGACAGT 14880 

ATTTCGTATC TG06CTCXGC TGAAOCCAGT TACCTTCGGA AAAM3AGTTG CTAGC TC TTG 14940 

ATCCGGGAAA CAAACCACCX; CTGGTAG06G 7GGTTTTTTT GTTTGGAMC AGCAGATTAC 15000 

GOGGAGAAAA AAMGATCTC AAGAAGATCC CTTCATCTTT TCIAOGGGGT CTGAOGCTCA 15060 
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GTGQAACOAA AACTCA06TT AACGGATTTT GGTCATGAGA TTATCJUUUUl GGATCTTCAC 15120 

CTAGATCCTT TTAAATTAAA AATOAAOTTT TAAATCAATC TAAAGTATAT ATGA6TAAAC 1S180 

TTG6TCTGAC A6TTACCAAT OCTTAATCAO T6AGGCACCT ATCTCA60GA TCTGTCTATT 15240 

TOGTTCATCC ATAGTTGCCT OACTCCCOGT OOTGTAGATA ACTAC6ATAC 6G6AGGGCTT 15300 

ACCATCTGGC CXCAGTGCTG CAATGATACC GCGA6ACCCA CGCTCACC66 CTCCAGATTT 15360 

ATCAOGAAXA AACCA6CSCAO COGOAAGGGC 0GA006CACA AGTCGTCCTG CAACTTTATC 15420 

OGCCTCCATC CAGTCTATTA ATTGTT6C06 GGAAGCTAGA 0TAAGTAGT7 C6CCAGTTAA 15480 

TAGTTTGOGC AACGTTGTTG OCATTGCTAC AOGCATOGTG OTGTGAOGCT CGTCGTTTGG 15540 

TATGGCTTCA TTCAGCTCCG GTTCCCAACG ATCAAGGOGA GTTACATGAT CCCCCATGTT 15600 

GT6CAAAAAA GCGGTTAGCT CCTTCGGTCC TCCX5ATCGTT GTCAGAAGTA AGTTGGCOOC 15660 

AOTGTTATCA CTCATGGTTA TGGCAGGACT GGATAATTCT CTTACTGTGA TGCCATCCX^T 15720 

AAGATGCTTT TCTGTGACTG GTGAGTACTC AACCAAGTCA TTCTGAGAAT AGTGTATGOG 15780 

GOGAOOGAGT TGCTCTTGCC OGGOGTGAAT ACXXK2ATAAT ACCGOGOCAC ATAGCAGAAC 15840 

TTTAAAAGTG CTCATCATTG GAAAAOGTTC TTCGGGGOGA AAACTCTCAA GOATCTTACC 15900 

CCTGTTGAGA TCCAGTTOGA TGTAACCCAC TOGTGGACCC AACTQATCTT CAGCATCTTT 15960 

TACTTTCACC AGCGTTTCTG GGTGAGGAAA AACAGGAAGG CAAAATGGOG CAAAAAAGGG 16020 

AATAAGGGCG ACACGGAAAT GTTOAATACT CATACTCTTC CZTTTTGAAT ATTATTGAAG 16080 

CATTTATCAG GGTTATTGTC TGA3GA60GG AXAGATATTT GAATGTATTT AGAAAAATAA 16140 

ACAAATAGGG GTTCCXSCGGA CATTTCOCOG AAAAGTGCCA OCTGAOGTCG AOGGATOGGG 16200 

AGATCTAATG AAAGACCCCA 0CTG7AGGTT TGGCAAGCTA GCTTAAGTAA 06CGATTTTG 16260 

GAAGGGATGG AAAAATAGAT AACTGAGAAT AGAGAAOTTC AGATCAAGGT CAGGAAGAGA 16320 

T6GAACA6CT GAATATG6GC CAAACAGOAT ATCTGTGGTA AGGAGTTCCT GCCOCGGCTC 16380 

AGGGCCAAGA ACAGATGGAA CAGCTGAATA TGGGCCAAAC A66ATATCT6 TGGTAAGCAG 16440 

TTCCTGCC C C GGCTCAGG6C CAAGAACAGA TGGTOCCCAG A1GC9GGTCCA GCCCTCAGCA 16500 

GTTTCTAGAG AACCATCAGA TGTTTOCAGG GTGCCOCAAG GACCXGAAAT GACCCTGTGC 16560 

CTTATTTQAA CTAAOGAATC AGTTOGCTTC TOGCRCTGT TOOCOCGCCT CTGCTCOCOG 16620 

AGCTCAATAA AAGAGCOCAC AACCOCTCAC TOGGGG 16656 
(2) ZNFORMATXON fOR 8BQ ZD IIOs2s 

(i) SBQUBNCB CHARACTERISTICS s 

(A) LSNGTBt 24 base pairs 

(B) TYPBt nucleic acid 

(C) STRAI1DBDNB88S aingl* 

(D) TOPQLOGYt liMAT 

(xi) SEQUBNCB OBSCRIPTZONs fiBQ ZD Il0t2t 

ATCTCTAOGG TGGTCCXAAA TAGT 24 
(2) ZNFQRMATZON FOR SBQ ZD R0s3t 
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(i> SBQ0ENCB CHMUkCTSRISTICSx 

(A) LSRGTHt 42 base pairs 

(B) nPB: nuelsic acid 

(C) STRANDSDNSSSi singls 

(D) TOPGLOGYt linear 

(Jci) SEQDBlfCB OBSCRXPTZCmt SBQ ZD HOf3t 
TMhVTGTM ATTTTRTR T IlillTm ' TTTTITOJUUi TO 
(2) ZNFQmATZOII FOR 8EQ ZD Mt<t 

(i) 8BQ0BNCB CHARACTSRISTZCS s 

(A) XiBNOTHt 48 bass pairs 

(B) TYPSt nuolsie acid 

(C) STRANDSDNSSSi single 

(D) tOPpLOGYs linear 

(Xi) SSQDnCB DBBCRZPTZQNt SBQ ZD BOt4l 
TATATOGOCC OGATTTAGGT 6ACACZATAO ATTOACGOOO XAGTACAC 
(2) ZMVORMATZON FOR 8BQ ZD MOtSl 

(i) 8BQUBNCB CRARACT8RZ8TZCS s 

(A) LBNGTHs 22 base pairs 

(B) TZFBi nucleic acid 

(C) BTRANDBDNSSSt Single 

(D) TWQLOGYt linear 

(xi) 8BQU8IICB DBBCRZPTZONt 8BQ ZD NOsSs 
CTOGCAACCO GTAAGTAOGA TAG 
(2) ZNFORMATZOH FOR SBQ ZD N0s6i 

(i) 8BQ0B1ICB CBARACTBRZSTZCSs 

(A) LBKGTHi 20 base pairs 

(B) rmt nucleic acid 

(C) STRAHDBDNBSSt single 

(D) TOPOLOGZs linear 

(xi) SBQOBNCB DBSCRZPTZONi SBQ ID NOi6: 
TACZA6CCAC GGC06GTATC 
(2) ZNFORMATIOH FOR SBQ ZD Il0s7s 

(i) SBQOBNCB CSARACTERISTICS: 

(A) LBKCTH: 21 base pairs 

(B) TYFBt nucleic acid 

(C) STRANDEDNBSSt single 

(D) TOPOLOGY s linear 

(xi) SBQOBNCB DBSCRZPTZORs SBQ ZD NOf7s 
TO CTCTrxxx ; ACGTGTOGAG C 
(2) ZNFORMATZON FOR SBQ ZD N0s8s 

(i) SBQDBNCB CBARACTBRI8TZCS c 

(A) LBNGTBt 21 base pairs 

(B) TYPBt nucleic acid 

(C) STRANDBDNBSSt Single 

(D) TOPOtOGYi linear 

(xi) SEQUENCB DBSCRZPTZONs SBQ ZD NOsSs 
ACCTTGGA6C 6CAAT6TCCT G 
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(2) INFORMATION FOR SEQ ID N0i9: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 bAM pairs 

(B) TYPE: nuclsic acid 

(C) STRANDBDNSSS: singla 

(D) TOCOLOGY t XlMAT 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCT TTT C ACG GGATC06CCA C 21 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) 8BQDBNCB CHARACTERISTICS: 

(A) LEMOTH: 21 base pairs 

(B) TYPES nuelsie acid 

(C) STRARDBDNBSS: singla 

(D) TOPOLOGY: linsar 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GTGGOGGATC CCCT6AAAAG G 21 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bass pairs 

(B) TYPE: nuelsio acid 

(C) STRANDBDNBSS: singls 

(D) TOPOLOGY: limar 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
TGGGCC6TGT GGT06TCAT6 20 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 bass pairs 

(B) TYPE: nuclsic acid 

(C) STRANDEDNXSS: singls 

(D) TOPOLOGY: linsar 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 
TGGGTCTTCA ACTCACOGGA C 21 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 bass pairs 

(B) TYPE: nuclsic acid 

(C) STRANDEDNESS: singls 

(D) TOPOLOGY: linsar 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CAATTCOAOG TAOGCCTCAC TC 22 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 bass pairs 

(B) TYPE: nuclsic acid 

(C) STRANDEDNESS: singls 

(D) TOPOLOGY: linsar 
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(xi) SBQUENCB DS5CRZPTZ0N: 8BQ ZD N0tl4: 
GAOTOMGOO TAC6T06AJIT TG 
(2) ZHVCmMHTZON FOR SBQ ZD 110:15s 

(i) SSQUENCB CHARACTERZSTZCS: 

(A) LENGTH: 33 bM« pairs 

(B) mzt nuclttic acid 

(C) STRANDSDNSSSt single 

(D) TOPaLOGYs linsar 

(xi) 8BQ0BIICB DBSCRZPTZONt SBQ ZD NOilSs 
tTATATAGATC TAA9GAAAGA CCCGACCIGT AGG 
(2) ZNFOBNATZCni fOR SBQ ZD lK)tl6t 

(i) SBQOENCB CHARACTERZSTZCS I 

(A) ZJOIGTBi 40 bass pairs 

(B) TYPBs nuclsic acid 

(C) STRANDBDNBSSs single 

(D) TOPOXiOGyx linear 

(xi) SBQDBNCS DBSCRZPTZONt SBQ ZD HOtlSs 
TCAATCCCCG AGTGAOGGGT TGTG(MSCTCT TTTATTGAGC 
(2) ZNBORKATZOH FOR SBQ ZD NOsl7t 

(i) SBQOBRCB CBARACTBRZSTZCSi 

(A) ZiBNGTRt 36 base pairs 

(B) TTPBi nucleic acid 

(C) STRABDBDMBSSt single 

(D) TOPQLOGYi linear 

(xi) SBQD8NCB DBSCRZPTZQNi SBQ ZD MOtl7s 
CCACAACCCC TCACTCGGGG ATTGACGGCG TACTAC 
(2) ZNFORKATZON FOR SBQ ZD NOilSt 

(i) SBQPB NOS CH ARACTERZSTZCS t 

(A) LBHOTHs 23 base pairs 

(B) TTPBt nucleic acid 

(C) STRAMDBDNBSS: single 

(D) TOPGLOGYt linear 

(xi) SBQOBHCB DBSCRZPTZONi SBQ ZD NOtlSt 
CTGGCAA006 GTAAGTACGA TAC 
(2) ZHFORMATZCm FOR SBQ ZD R0il9i 

(i) SBQOBNCB CHARACTERZSTZCS s 

(A) LBNGTBt 22 base pairs 

(B) TYPES nucleic acid 

(C) STRAMDBDNBSS I Single 

(D) TOPOLOGYi linear 

(xi) SBQOENCB DESCRZPTZCMIs SBQ ZD NOsl9s 
GGTAACAA6A TCT06TGCCG T6 
(2) ZNFORKATZON FOR SBQ ZD NOt20: 

(i) SEQUENCE CHARACTERZSTZCS S 

(A) Z.EN6THS 47 base pairs 

(B) TYPES nucleic acid 
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(C) STRANDEDNBSSt single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
TATATCCCGC CGCTTTCTTT TATTAATCAA CAAAATTTTG TTTTTAA 



47 



(2) INPORKATION POR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 baee pair's 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSI Single 

(D) TOPOLOGY s linear 

(xi) SBQUENCB DESCRIPTION: SEQ ID NO:21: 
TATATGAGCT Ci r rTlTi ' T TT ' rriTT TTITT TTTTTTOAAA TGTTAAAA 48 
(2) INFORMATION FOR SEQ ID NOl22s 

'"'(i) SEQUBNCB CHARACTERISTICS s 

(A) LBNGTHt 34 base pairs 

(B) TYPEt nucleic acid 

(C) STRANDEDNESSI single 

(D) TOPOLOGY t linear 

(xi) SBQUENCB DESCRIPTIONS SBQ ID NOt22: 
TATATCT06A GGGTGGTGTT GTAGTATTAG TCAG 34 
(2) INFORMATION FOR SEQ ID HOt23s 

(i) SBQUBNCB GBARACTBRISTICSs 

(A) LSNOTBs 43 base pairs 

(B) TYPBs nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGY t linear 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 23: 
TATAT6G6CC CTTAAGACCA TCGGAG06AT 6CTTTATTTC CCC 43 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPCniiOGY: linear 

(xi) SBQUBNCB DESCRIPTION: SBQ ID NO:24: 
TCTCTAC6GT GGTOCTAA 
(2) INFORMATION FCSt SBQ ID N0:2S: 

(i) SEQUENCE CHARACTBRISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SBQ ID N0:25: 

Ser Leu Arg Trp Ser 

1 5 

(2) INFORMATION FOR SEQ ID NO: 26: 
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(i) SBQOENCB CHmACTERISTICS: 

(A) LEHGTHs 26 baaa pairs 

(B) tnrPBt nuelaic acid 

(C) 8TRAN0EDNSSSS single 

(D) TOPQLOGYs linsar 

(xi) SXgOBNCS DSSCRIPTIONs 8SQ ID llOs26s 
CATTCTCTACG 6TGCT0CTM ATAGTC 
(2) ZOTORKATIOH FOR 8KQ ID MO:27i 

(i) SBQUSMCB CBARACTSRZSTZCSs 

(A) UHGTBs 34 bass pairs 

(B) TTPBs nuclsic acid 

(C) STRANDBOllXSSt Single 

(D) TOPQXMYs linear 

(xi) SBQUBIICB OBSCRZPTZOils 8BQ ZD ROl27l 
T06A0ACTAT TTAG6AOCAC OOTAOMATO GOCC 
(2) ZRFORMATZON fOR 8BQ ZD llOs28s 

(i) SBQOBRCS CHARACTBRZ8TZCS: 

(A) LBKGTHs 25 base pairs 

(B) TYPEi nucleic acid 



OCCnOTAOO OCTAACCTAA AGOAC 

(2) ZNTORKATZON ICR 8BQ ZD HQs 29 » 

(i) 8B0DBRCB CHARACTBRZSTZCSt 

(A) LXNGTBs 33 base pairs 

(B) TTPBs nucleic acid 

(C) 8TRAHDBDI1B8SS single 

(D) TOPOLOGY: linear 

(xi) 8BSDBRCB DS8CRZPTZON8 BEQ ZD HOi29s 
TOGAGTCCTT TAGGTZAGCC (WACAAOGGG GCC 
(2) ZNPORMATZON fOR 8BQ ZD llO:30t 

(i) 8BQQENCB CRARACTERZ8TZCS : 

(A) LBRGTRt 26 base pairs 

(B) TYPBi nucleic acid 

(C) BTRAMDBDNBSSt single 

(D) TOPOLOOYs linear 

(xi) SBODBHCB DSSCRZPTZONs 8BQ ZD ]IOs30: 
GATC6CTACG GTGOTOCTAA ATAGTC 
(2) ZNFORKATZOII WOR 8XQ ZD NO:31: 

(i) SBQUBHCB CHARACT8RZSTZCS: 

(A) LBWG THt 34 base pairs 

(B) TYPBs nucleic acid 

(C) 8TRAIIDED1IES8I single 

(D) TOPOLOGYt linear 

(xi) BBQOSNCS OBBCRZPTZCmt 8EQ ZD NOs31s 
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T06MACTAT TTAGGAOCAC CGTA6CCSATG GGCC 34 
(2) ZNFORIATZON FOR SSQ ZD NOs32s 

(i) SEQUENCE CBMtACTERZSTZCS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nuclttic acid 

(C) 8TRMDBDNBSSS single 

(D) TOPOLOGyt linsar 

(xi) SEQUENCE DBSCRZPTZCni: SBQ' ZD NO:32: 
CQGAMTIUUi OCATCTCT A C 6GTGGTCCTA AATA6TCA6C ATAGTACC 48 
(2) ZNFORKATZON FOR SBQ ZD NOs33s 

(i) SEQUENCE CHARACTERZSTZCSs 

(A) LENGTHS 56 base pairs 

(B) TYPEt nucleic acid 

(C) STRANDEDHESS: single 

(D) TOPCXCiOGys linear 

(Xi) SEQUENCE DESCRZPTZONi SEQ ZD NOl33: 
T06AGGXACT AT6CTQACTA TTTAOGACCA 006TA6AGAT GCTTTATTTC C6GGCC 56 
(2) ZNFCmiATZm FOR SEQ ZD NOs34: 

(i) SEQUENCE CHARACTBRZSTZCS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRZPTZCXI: SBQ ZD NO:34: 
TATATGCGGC 06CTCTAOAT TACAATTTGG ACTTTCCGCC C 41 
(2) ZNFORMATZON FOR SEQ ZD NOs35t 

(i) SEQUENCE CHARACTBRZSTZCS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRZPTZON: SBQ ZD NO; 35: 
TATATATGAG CTCTTACAAA TAAAOCAATA GCATCACAAA TTTC 44 
(2) ZHFORHATZON FOR SEQ ZD NO:36: 

(i) SEQUENCE CHARACTBRZSTZCS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUEHCE DESCRZPTZON: SEQ ID NO: 36: 
TATATGAATT CGTTTGGACA AACCACAACT AGAATG 36 
(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY: linear 
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(xi) SBQUBMCB DESCRIPTIONj SBQ ID NOt37s 
TATATATOAO CTCTAATAAA ATGACWAAAT TOCATCCCAT TGTC 
(2) INVORMATION FOR SBQ 2D N0s38i 

(i) SBQOXHCB GHAIUCnRISTZCSi 

(A) LBNGTHs 43 hmmm pairs 

(B) TYPB: nuclttio acid 

(C) STRAHDBDNBSSi singls' 
(O) TOPQLOGYt lin««r 

(xi) SBQDENCB DBSCRZPTZONt SBQ ZD ROldSs 

TATATCAATT CATACAATGA CACCTACTCA GACAATCC6A TCC 

(2) ZNFORMATZON FOR SBQ ZD NOs39: 

(i) SBQOBNCB CKARACTBRZSTZCSs 

(A) LBNGTHi 46 base pairs 

(B) rmi nuclsic acid 

(C) STRARDBDNBSS: Singls 

(D) TOPOLOGY t linsar 

(xi) SBQUBNCB DBSCRZPTZONt SBQ ZD HOs39s 
TATATCACCT 06GGTCGGCA TGGCATCTCC ACCTC(aCCC OGTCC6 
(2) ZNFORMATZON FOR SBQ ZD 110s40< 

(i) SBQUBNCB CHMACTXRZSTZCSs 

(A) LBNOTHi 52 bass pairs 

(B) TYFBs nuclsio acid 

(C) STRANDBDNBSSi singls 

(D) TOPOLOOYs linsar 

(xi) SBQUBNCB DBSCRZPTZON: SBQ ZD R0t40: 
TCCACCTCCT 06C6GTCCGA CCIGGGCATC 0GAA6GA66A 06CACGTCCA CT 
(2) ZNFORHATZON PCm SBQ ZD NOi41t 

(i) SBQUBNgS CHARACTBRZSTZCS t 

(A) ZJBNGTBs 48 base pairs 

(B) TYPB I nuclsic acid 

(C) STRAMDBDNBSS; single 

(D) TOPOLOGYs linear 

(xi) SBQUBNCB DBSCRZFTZQNi SBQ ZD N0s41< 
TATATGA6CT CCTCCCTTM CCATC08A6T 6GACGTGC6T CCTCCTTC 
(2) ZNFORMATZON FOR SBQ ZD N0s42i 

(i) SBQUBNCB CHARACTBRZSTZCS: 

(A) ZANGTHt 47 base pairs 

(B) TYPBs nucleic acid 
<C) STRANDBDNBSSi single 
(0) TOPOLOGYs linear 

(xi) SBQUBNCB DBSCRZPTZONt SBQ ZD NOt42t 

TATAT6C60C OOCTTTCTTT TATTAATCAA CAAAATTTTG TTTTTAA 

(2) ZNFORHATZON FOR SBQ ZD NOl43t 

(i) SBQUBNCB CHARACTBRZSTZCS t 
(A) LBNGTHt 37 base pairs 
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(B) TYPEt nucleic acid 

(C) STRANDEDNBSS: Single 

(D) WPOtMXi linear 



(xi) SBQUBNCS OBSCRZPTXONi SEQ ID NOi43x 



ThTATOMCT COMHTORA AAAACMUUIT TTTGTTO 



37 



(2) ZNFmmTZOlf TOR 8BQ ZD Il0s44s 

(i) SEQUENCE CBARACTERZSTZCSt' 

(A) Z«BNOTBs 34 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDNBSS I single 

(D) TOPGLOGTs linear 

(xi) SEQOENCB DESCRZPTZCHIs SEQ ZD NOi44s 
TATATATAGA TCTTTGACAT TGATTATTGA CTAG 34 
(2) ZNFORNATZON FC« SEQ ZD. NOs45: 

(i) SBQOENGB CBARACTERZSTZCSs 

(A) LENGTHS 42 base pairs 

(B) Tn*Es nucleic acid 

(C) STRANDBDNBSSs Single 

(D) TOPGLOGYs linear 

(xi) SEQUENCE DBSCRZPTZCXIs SEQ ZD NOs45t 
COGTCAATAC G6TTCACXAA AC6AGCTCTG CTTATATAGA CC 42 
(2) ZNFORMATZON FOR SEQ ZD NOs46s 

(i) SEQUENCE CBARACTERZSTZCSs 

(A) XAIGTHt 38 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPQU)GYs linear 

(xi) SEQUENCE DESCRZPTZCSNs SEQ ZD NOs46s 
GCTCGTTTAG TGAACC6TAT TGACGGCGTA 6TAGACAC 38 
(2) ZNFORNATZON FOR SEQ ZD NOs47s 

(i) SEQUENCE CHARACTERZSTICSs 

(A) LENGTHS 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESSs single 

(D) TOPOLOGY s linear 

(Xi) SEQUENCE DESCRZPTZON: SEQ ID NOs47: 
TATATATAGA TCTGGTGTGG AAAGTCCCCA GGC 33 
(2) ZNFORMATZON FOR SEQ ZD NOs48s 

(i) SEQUENCE CBARACTERZSTZCSs 

(A) LENGTHS 31 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGY s linear 

(xi) SEQUENCE DESCRZPTZON: SEQ ZD NOs48s 
CTACGCCGTC AATGCOGAGG OGGCCTCGGC C 31 



(2) ZNFORMATZON FOR SEQ ZD NOs49: 
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(i) SBQUBNCE CHARACTBRISTZCSx 

(A) LENGTH: 37 base pairs 

(B) TYPSs nuclsic acid 

(C) STRARDEDKBSSt oingla 

(D) TOPOLOGY I linear 

(xi) SBQOBNCB DBSCRZPTZONi 8BQ ID ROs49t 
GGCOGOCTCO GCATTGA0G6 06TA0TACAC ACTATTG 
(2) INFORMATION FOR 8BQ ID NOsSOs 

(i) 8BQ0BNCB CHARACISRISTICSs 

(A) LBNGTBs 41 base pairs 

(B) Tcnt nucleic acid 

(C) STRANDEDNBSSt Single 
(O) TOPOLOGY: linear 

(xi) SBQUBNCB OBSCRIPTIQN: 8BQ ID NO: 50: 

TATATATCTC GA0AA6CTCT AAGGTAAATA TAAAATTTAC C 

(2) INFORMATIW PW 8SQ ID NO: 51: 

(i) 8B00BNCB CBARACT8RISTICS: 

(A) LBNGTB: 38 base pairs 

(B) TYPE: nucleic acid 

(C) 8TRANDBDNB88: Single 

(D) TOPOLOGY: linear 

(xi) SBQUBNCB DB8CRIPTI0N: 8BQ ID NO:Sl: 
TATATATCTC GAGAGGTTOG AATCTAAAAT ACACAAAC 
(2) INFORMATION FCm 8BQ ID NO: 52: 

(i) 8BQDBNCB CBARACTBRISTICSx 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) 8TRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(xi) 8BQDENCB DESCRIPTION: 8BQ ID NO:52: 
TATATATGOO GOOGCAAOCT CTAAGGTAAA TATAAAATTT ACC 
(2) INFORMATION FOR 8BQ ID NO: 53: 

(i) SBQUBNCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SBQUBNCB DESCRIPTION: 8BQ ID NO: 53: 
TATATATC^OG OOOGCAOGTT OGAATCTAAA ATACACAAAC 
(2) INFORMATION FCm SBQ ID NO:54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SBQUBNCB DESCRIPTION: SBQ ID NO:54i 
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T0GA0CAC6T GGO6O60CT6 ATCACGOGTA 6GCCT 
(2) ZNFORKATZON FOR SBQ ID MOsSSt 

(i) SSQDENCB CHARACTERISTZCSt 

(A) LBNOTBs 35 base pairs 

(B) nPBs nucleic acid 

(C) STRANDEDNBSSi single 

(D) TOPGLOGYt linear 

(Xi) SBQUBNCB DBSCRIPTXCHIi SBQ' ZD NOsSSs 
CTAGAGOOCT A060GT0ATC AGG060GOCA €»tGC 
(2) ZNPQRMATZOil TOR SBQ ZD Il0s56t 

(i) SBQUBNCB CKARACTBRXSTXCS^ 

(A) LBNOTHs 35 base pairs 

(B) TYPBs nucleic acid 

(C) STRAMDBDNBSSs single 
ID) TOPOLOGys linear 

(xi) SBQUBNCB DBSCRZPTZON: SBQ ZD NOs56i 

TATATCTCCA OATGAGGTAC ATGATTTTAO 0CTT6 

(2) ZNFORKATZCnf TOR SBQ ZD NQt57: \^ . 

(i) SBQUBNCB CBARACTBRZSTZCSs . 

(A) IMUSl THt 40 base pairs 

(B) TTPBs nucleic acid 

(C) STRANDBDNBSSt single 

(D) TOPOLOOYs linear 

(xi) SBQUBNCB DBSCRZPTZCNs SBQ ZD NOs57s 
TATATATCGA TTCAAGGCAT TTTCTTTTCA TCAATAAAAC 
(2) ZNFORMATZON POR SBQ ZD NOsSSs 

(i) SBQUBNCB CBARACTBRZSTZCSs 

(A) ZAIOTBs 35 base pairs 

(B) TTPBs nucleic acid 

(C) STRANDBDNBSSt Single 

(D) TOPOLOGY: linear 

(xi) SBQUBNCB DBSCRZPTZONt SEQ ID NOtSSs 
TATATCTCCA 6ATGAT6ACA ATGTGGTGTC TGACG 
(2) ZNFORMATZON FOR SBQ ZD NOt59l 

(i) SBQUBNCB CBARACTBRZSTZCSs 

(A) LBNGTHs 32 base pairs 

(B) TYPBs nucleic acid 

(C) STRANDBDNBSSt single 

(D) TOPOLOGY s linear 

(xi) SBQUBNCB DBSCRZPTZON s SBQ ZD NOs598 
TATATATCGA TTCATGA06A CCGGACCTTG 06 
(2) ZNFORMATZON FOR SBQ ZD NOi60s 

(i) SBQUBNCB CHARACTBRZSTZCS: 

(A) LBNGTHs 28 base pairs 

(B) TYPBs nucleic acid 

(C) STRANDBDNBSSt single 

(D) TOPOLOGYs linear 
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(xi) SBQUBNCB DESCRIPTION! SSQ ID !10t60t 
TATATCCCCC CCCOCCCCCC CCCCMCC 
(2) INFORMATION FOR SBQ ID NOsGli 

(i) SXQUENCB CHARACTERISTICS t 

(A) LENGTH: 30 base pairs 

(B) TYPES nuolsic acid 

(C) STRANDSDNBSSt aingls 

(D) TOPQLOGYs liMar 

(xi) SBQUBNCB DBSCRIPTIMz SEQ ID NOs61t 
TATATAT06A TCCCCCCCCC CCCCCCAA06 
(2) INFORMATION FOR SBQ ID NOi62t 

(i) SBQX7ENCB CHARACTBRISTICS s 

(A) LENGTBt 34 basa paira 

(B) TYPE} nuclaic acid 

(C) STRANDBDNESSt SinoXa 

(D) TOPOLOGY: linaar 

<xi) SBQOENCB DBSCRIPTION: SEQ ID NO:628 
TATATCCATG GCTTACAATC OT66TTTTCA AAGG 
(2) INFORMATION FOR SBQ ID MOi63t 

(i) SBQUBNCB CHARACTERISTICS: 

(A) LENGTH: 33 baaa pairs 

(B) TYPE: nuclaic acid 

(C) STRANDBDNBSS: singia 

(D) TOPOLCXSYi linaar 

(xi) SBQOENCB DESCRIPTION: SBQ ID NO: 63: 
TATATGGGCC CTCGATGAOT CTGGACGTTC CTC 
(2) INFORMATION FOR SBQ ID NO: 64: 

(i) SBQUBNCB CHARACTERISTICS: 

(A) LENGTH: 33 baaa pairs 

(B) TYPE: nuclaic acid 

(C) STRANDBDNBSS: sinola 

(D) TOPOLOGY: linaar 

(xi) SEQUENCE DBSCRIPTim: SEQ ID NO:64: 
TATATATCGA TT0GATGA6T CTGGACGTTC CTC 
(2) INFmMATION FDR SEQ ID N0t6S: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 baaa pairs 

(B) TYPE: nuclaic acid 

(C) STRANDBDNBSS: aingla 

(D) TOPOLOGY: linaar 

(xi) SBQUBNCB DESCRIPTION: SBQ ID NO: 65: 

TATATCCATG GATCCAATTT GCTTTATGAT AACAATC 

(2) INFORMATION KR SEQ ID NO:66: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDBDNSSSs single 

(D) TOPOLOGY s linear 



(Xi) SSOUBMCB DB8C3lZPXXONt 8BQ ZD llOs66s 



TATATGG6CC OG6TO0AOGC COGOCJUUSAC 



30 



(2) INFORKATZCm FOR SSQ ZD NOt67t 

(i) SBQUBHC8 CBARACTSRISTICSs' 

(A) LBNOTHi 30 base pairs 

(B) TTPSt nucleic acid 

(C) STRANDBDRBSSt single 

(D) TOPOLOOYs linear 

(xi) SBQUBHCB DBSCRZPTZmt SBQ ZD NOs67: 
TATATATCGA TG6TCGAC6C 060CCAA6AC 30 
(2) ZRFORKATZON FOR SBQ ZD 110s68s 

(i) 8B0OBNCB CHARACTXRlSTZCSs 

(A) LBNGTHs 32 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDHBSSs single 
^ (O) TOPCn<OGYs linear 

<xi) 8BQ0BNCB DB8CRZPTZ(»I s SBQ ZD NOs68s 

TATATCCAT6 GTGCCAGCGA GTTGGGGAGC AG 32 

(2) ZNFORMATZCm TOR 8BQ ZD MOt69l 

(i) 8BQDBMC8 CHARACTBRZ8TZC8: 

(A) LBHGTHt 23 base pairs 

(B) TYPBs nucleic acid 

(C) 8TRANDBDNB8St single 

(D) TOPOLOGY: linear 

(xi) SBQXJBNCB DBSCRZPTZONi SBQ ZD NOx69s 
TTAATTAACG OCCG C C A CC A TOG 23 
(2) ZNFORMATZOK FOR SBQ ZD NOt70s 

(i) SBQUBMCB CHARACTBRZ8TZCSS 

(A) LBNGTH: 13 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQOBNCE DBSCRZPTZON: SEQ ID NO: 70: 
TAACGGOCGC GAG 3.3 
(2) XKFORKATXON FOR SBQ ZD 110:71: 

(i) SBQOBRCB CHARACTERZSTZCS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DBSCRZPTZON: SEQ ZD NO: 71: 
CCATGGTGGC GGCCGTTAAT 20 



(2) ZNFORMATZON FOR SBQ ZD NO: 72: 
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(i) SEQUENCE CHARACTSRISTICSt 

(A) LENGTH: 16 base pairs 

(B) TYPEt nucleic acid 

(C) STRANDEDNBSSt singift 

(D) TOPOLOGY s linaar 

(xi) SBQOBNCE DSSCRXPTZQNt SBQ ZD NOt72< 
GGTTTAAACA GQAGCT 

(2) ZRFORMATION TOR SBQ ZD NOt73t 

(i) SBQDBRCB GHJUUlCTBRZSTZCSi 

(A) LENGTHS 16 basa pairs 

(B) TTPBi nuclaic acid 

(C) STRANDEDNBSSt Sinals 

(D) TOPOLOGY: linaar 

(xi) SEQUENCE DESCRZPTZON: SBQ ZD NO: 73: 
CCTCTTTAAA CCAGCT 

16 

(2) ZNFORMATZON FOR SBQ ZD NO: 74: 

(i) SEQUENCE CHARACTERZSTZCS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nuclsic acid 

(C) STRANDEDNE8S: singls 

(D) TOPOLOGY: linsar 

(xi) SEQUENCE DESCRZPTZON: SBQ ZD NO: 74: 
TATATGC6GC CCCACCACCA CCATGAATAG AGGATTCTTT AACATGC 47 
(2) ZNPORKATZON FOR SEQ ZD NO: 75: 

(i) SEQUENCE CHARACTERZSTZCS: 

(A) LBNGTH: 34 bass pairs 

(B) TYPE: nuelsie acid 

(C) STRANDBDNBSS: singls 

(D) TOPOLOGY: linsar 

(xi) SEQUENCE DBSCRZPTZON: SEQ ZD NO:75: 
TATATGCCGC C6CTCATCTT 06TGT6CTA6 TCA6 

34 . 

(2) ZNPORKATZON FOR SBQ ZD NO: 76: 

(i) SEQUENCE CRARACTBRZSTZCS: 

(A) LBNGTH: 61 bass pairs 

(B) TYPE: nuclsic acid 

(C) STRANDBDNBSS: singls 

(D) TOPOLOGY: linear 

(Ei) 8BQUBNC8 DBSCRZPTZON: SBQ ZD N0:76: 

TATATGCCGC COCATCTCTA CGGTGGTCCT AAATAGTACC ACCACCATGA ATAGAOGATT 60 
C 

61 

(2) ZNFORMATZON FOR SBQ ZD NO:77: 

(i) SEQUENCE CHARACTERZSTZCS: 

(A) LBNGTH: 25 bass pairs 

(B) TYPB: nuclsic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 
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(xi) 8B0DBNCB DBSCStZPTXONs 8BQ ZD NOi77s 



CTCATOGHTC MATCXQACT AGTTG 



25 



(2) INFORKKTZOH FOR SBQ ZD NOt78s 

(i) 8BQUSHCB GBARACTBRZSTZCS : 

(A) LENGTHS 33 base pairs 

(B) TTPBs nuelttic acid 

(C) STBARDBONBSSt single 

(D) TOPOXMYs limar 

(xi) 8BQUBRCB OB8C3lZPTZONs 8BQ ZD NOt78t 
GATCOUkCTA GTCAOATCTG AT0GAT6A6G GOC 33 
(2) ZNFORMATZON TOR 8BQ ZD llOt79s 

(i) SBQUENCE CHARAC7BRXSTXCS: 

(A) ZiBNOTHt 56 baaa pairs 

(B) TYPE: nuclsic acid 

(C) 8TRA11DBD1IBS8S single 

(D) TOPOLOGY t liMar 

(xi) SSamna DBSCRZPTZONs BBQ ZD 1IO:79s 
ACTTAT06AT GGTTCTAGAC TCCCTTAGCC ATCCGAGT6G ACGTGCGTCC TOCTTC 56 y 

(2) ZNFORNATZON FOR BBQ ZD N0s80s 

(i) BBQUBNCB CBARACTBRZSTZCS s 

(A) LBNOTHx 52 basa pairs 

(B) TTPBt nuclaic acid 

(C) STRAMDEDNBSBt Single 

(D) TOPOLOGTt linear 

(xi) SBQDBHCB DBSCRZPTZONs SBQ ZD NOsSOs 
TCCACCTCCT 0G06GT0CGA CCTGGGGATC CGAAGGAGGA CGCAC6TCGA CT 52 
(2) ZNFORMATZON FOR SBQ ZD NOsSls 

(i) SEQUBNCB CHARACTBRZSTZCSs 

(A) LENGTHS 57 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDNESSS Single 

(D) TOPOLOGYs linear 

(xi) SEQUENCE DBSCRZPTZONs SBQ ZD NOsSls 
TC6GACCG0G A6GAGGTGGA GATGCCATGC OGACCCATTG A0G6CGTAGT ACACACT 57 
(2) ZNFORNATZON FOR SBQ ZD NOs82: 

(i) SEQUENCE CHARACTBRZSTZCSs 

(A) LENGTHS 36 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDNESSS single 

(D) TOPOLOGYs linear 

(xi) SEQUENCE DESCRIPTIONS SBQ ZD NOs82: 
CTGGACTAGT TAATACTGGT GCTOGGAAAA CATTCT 36 
(2) ZNFORMATZON FOR SBQ ZD NOs838 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 40 base pairs 

(B) TYPES nucleic acid 
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(C) STRANDBDNBSSs single 

(D) TOPOLOGY z linsar 

(Xi) 5S00ENCB DBSCRIPTIOM: 8EQ ZD NOt83: 
GTCMGCTT6 CTA6GTACAA OkCCACCAOC MGAATAGAG 4C 
(2) INFORMATION FOR 8EQ ID NOt84t 

(i) SBQUBNCS CBARACTBRI8TIC8S 

(A) LKNOTHt 40 base palm 

(B) TYPBs nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPDLOOYs linear 

(Xi) 8BQDBNCB DBSCRIPTIONs 8BQ ID NOt84: 
CAGTCTCGA6 TTACTAOCAC TCT T CTOTCC CTTCOGGGGT 40 
(2) INFORMATION FOR 8BQ ID NOs85: 

(i) SBQUBNCB CHARACTBRlSTICSt 

(A) LENGTHS 43 base pairs 

(B) TYPBs nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGY s linear 

(xi) SEQUENCE DESCRIPTIONS SBQ ID MOs85s 
TATATGCGGC CGCACCACCA TGTCCGCAGC ACCACTG6TC ACG 43 
(2) INFORMATION FOR SBQ ID NOs86t 

(i) SBQX7BNCB CHARACTERISTICS S 

(A) LENGTHS 34 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGys linear 

(xi) SBQUBNCB DBSCRIPTIONs SBQ ID NOs86s 
TATATAGATC TCTTOATCAG CTTCAGAA6A TGGC 34 
(2) INFORMATim FOR SBQ ID NOs87s 

(i) SEQUENCE CHARACTBRISTICSs 

(A) LENGTHS 24 base pairs 

(B) TTPEs nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGTs linear 

(xi) SBQUBNCB DBSCRIPTIONs SBQ ID NOs87s 
TGAATG(»066 GAAGAG0006 TTGG 24 
(2) INFORMATION FOR SBQ ID NOsSSs 

(i) SEQUENCE CHARACTBRISTICSs 

(A) LENGTHS 31 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGYS linear 

(xi) SBQUBNCB DBSCRIPTIONs SBQ ID NOsSSs 
COGOCTCTTC C0GCCATT6A CGGCGTAGTA C 31 



(2) INFORMATI(»r FOR SBQ 2D NOs89s 
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(i) SBQUSHCB CBMUiCTBRISTZCSt 

(A) LENGTHS 34 base pairs 

(B) TYPES nucleic acid t 

(C) STRANDEDNBSSs single 

(D) TOFGLOOYs linear 

(xi) SEQUENCE DESCRZPTZON: 8EQ ZD NOs89s 
TATATAGATC TCTTOATGAG CTTGAOAAOA TGOC 34 
(2) ZNFORNATZON TOR SEQ ZD NOt9Ds' 

(i) SEQUENCE CHARACTERZSTZCSs 

(A) LENGTHS 40 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGTs linear 

(xi) SEQUENCE DESCRZPTZON s SEQ ZD NO890s 
TATAT6CGGC CGCAOOGCCA AGATGTTCOC GTTCCAGOCA 40 
(2) ZNFORNATZON FOR SEQ ZD N0s91s 

(i) SEQUENCE CHARACTERZSTZCS: 

(A) LENGTH: 34 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDNESS s single 
<D) TOFOLOGYs linear 

(xi) SEQUENCE DESCRZPTZON s SEQ ZD N08 91s 

TATATGCGGC OGCTCAATTA T C TTTCT C GT TG6T 34 

(2) ZNFORMATZON FOR SEQ ZD NOs92s 

(i) SEQUENCE CHARACTERZSTZCS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS s single 

(D) TOFOLOGYs linear 

(xi) SEQUENCE DESCRZPTZON 8 SEQ ZD NOs92: 
CTOGAGCTOG AGGCACCAGC ACCATGCAAC TTTTT 35 
(2) ZNFORMATZON FOR SEQ ZD NOs93s 

(i) SEQUENCE CHARACTERZSTZCSs 

(A) LENGTHS 29 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDNESS 8 single 

(D) TOFOLOGYs linear 

(xi) SEQUENCE DESCRZPTZONs SEQ ZD N0893s 
CTACTAGATC CCTA6ATGCT G6ATCTT0C 29 
(2) ZNFORMATZON FOR SEQ ZD NO: 94: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRZPTZON: SEQ ZD NO: 948 



GGAAGATCCA GCATCTAGGG ATCTAGTAG 



29 
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(2) ZNTORMATZON FOR 8BQ ZD NOt95i 

(i) SBQOENCB CBMUiCTERZSTICS: 

(A) LSNGTHs 26 base pairs 

(B) TYPES nuclsic acid 

(C) STRANDSDNBSSs singis 

(D) TOPOLOGY I linsar 

(xi) SSQUBNCB DBSCRZPTZms 6BQ ZD NOt95i 
0GGC6ATATC AA6CTTATCG ATACOG 
(2) ZNPORHIiTZON POR SBQ ZD BOs96: 

(i) SBQUBNCB CHARACTBRZSTZCS: 

(A) ZiENGTHs 26 bass pairs 

(B) TYPBs nuclsic acid 

(C) STRABDBDNBSSi singis 

(D) TOPOLOGY t linsar 

(xi) SBQOENCB DESCRZPTZONs SBQ ZD NO«96s 
0GGC6ATATC AAGCTTATCG ATACOG 
(2) ZNFORMATZQN POR SBQ ZD HOs97t 

(i) SBQOE HCB CH ARACTBRZSTZCS : 

(A) LBNGTH: 19 bass pairs 

(B) TYPES nuclsic acid 

(C) STRABDBDNBSSs singls 

(D) TOPOLOGY: linsar 

(xi) SEQUENCE DESCRZPTZONi SBQ ZD NO:97s 
AATACGACTC ACTATAGGG 
(2) ZNFORMATZON POR SBQ ZD NOs98t 

(i) SEQUENCE CHARACTBRZSTZCS t 

(A) LEN GTHS 29 bass pairs 

(B) TYPES nuclsic acid 

(C) STRMDBDNBSSs singls 

(D) TDPmxxsYs linsar 

(xi) SBQUBNCB DESCRZPTZONs SBQ ZD NOs98s 
CTACTAGATC CCTAGATGCT GGATCTTOC 
(2) ZNPORNATZON POR SBQ ZD NOs99s 

(i) SEQUE NCT CT ARACTBRZSTZCS i 

(A) ZiBNOTBs 17 bass pairs 

(B) TYPBt nucleic acid 

(C) STRANDBDNBSSs singls 

(D) TOPOLOGY s linsar 

(xi) SBQUBNCB DBSCRZPTZON: SBQ ZD NOs99s 
ATTAAOCCTC ACTAAAG 
(2) ZNFORMATZON FOR SBQ ID NOslOOs 

(i) SBQUBNCB CHARACTBRZSTZCS s 

(A) LENGTHS 29 bass pairs 

(B) TYPES nuclsic acid 

(C) STRANDBDNBSSs Single 

(D) TOPOLOGY s linsar 
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(xi) SEQUBNCB DESCRIPTXmt SBQ ZD NOtlOO: 



GGAA6ATCCA GOiTCTAGGG ATCTAGTA6 



29 



(2) mrORMATZOH FOR 8SQ ID NOtXOl 

(1) SSQOENCB CHARACTERISTICS: 

(A) LENGTH > 17 basa pairs 

(B) T7PS: nuclaic acid 

(C) STRANDEDHESSs aingla 

(D) TOPCnMYs linaar 

(xi) SBBOEHCB DESCRIPTION: SBQ ID NO:101: 
ATTAACCCTC ACXAAM 17 
{2} INfORKATION WCXt SBQ ID NO: 102: 

(i) SEQUENCE CHMACTERISTICS: 

(A) LBNOTH: 19 baaa paira 

(B) TTPBs nuelaic acid 

(C) STRANDEDNESS: single 

(D) TOPOXXXSY: linaar 

(xi) SEQOENCB DESCRIPTIM: SEQ ID NO: 102: 
AATA06ACTC ACTATAGGG 19 
(2) INFORMATION FOR SEQ ID N0:103: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 basa pairs 

(B) TYPE: nuelaic acid 

(C) STRANDEDNESS: singla 

(D) TOPOLOGY: linaar 

(xi) SEQUENCE DESCRIPTIM: SEQ ID NO:103: 
CCTCGAGCTC GAGCTTQGGT GGCTTTGGGG CATG 34 
. (2) INFORMATION FOR SBQ ID NO: 104: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEN GTH: 17 baaa pairs 

(B) TTPB: nuelaic acid 

(C) STRANDEDNESS: singla 

(D) TOPOLOGY: linaar 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 104: 
ATTACCCCTC ACTAAA6 X7 
(2) INFORMATION FOR SEQ ID N0:105: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 basa pairs 

(B) TYPE: nuelaic acid 

(C) STRANDEDNESS: singla 

(D) TOPOLOGY: linaar 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 105: 
CCCTCGA6CT CGAGGGGTGA CTGA6AAACT A6AAAAAGAA T 41 
(2) INFORMATION FOR SEQ ID NO: 106: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nuelaic acid 
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(C) STRANDBDNESSs single 

(D) TOPOLOGYs linear 



(xi) SSQUSNCB DBSCRIPTIOHs SEQ ID NO$106t 



COGOGGCOCC 0TATCT6TGG GAGCCTCAA6 GGAGAAC 



37 



(2) ZHFOPMJiTION FOR SEQ ID N0sl07l 

<i) 8BQU8RCB CHARACTBRZSTICSs 

(A) LBMQ TBt 44 baee peirs 

(B) Ttnt nueleie acid 

(C) STRAMDBDHBSSi single 

(D) WPOLOOTs linear 

(xi) SBQUBNCB DBSCSIIPTXONt 8BQ ZD Il0sl07s 

OGOGCSGGGCC CT6TGACATT 6AATAGA6T6 AG66TCCT6T TG66 44 

(2) INFORMATION FOR SBQ ID NOslOBs 

(i) SBQUBNCB CHARACTBRISTICSs 
. (A) LBROTHt 4S base pairs 

(B) TYFBs nucleic acid 

(C) STRANDBDNBSSs Single 

(D) TOFOLOQYi linear 

(xi) 8BQ0BNCB DBSCRIPTIONs SBQ ID NOslOSs 
AAAGGTTTCA CATTTGTAGC nGCTGTGTC ATTGOGATCT CTAOC 45 
(2) INFORMATION FOR SBQ ID N0tl09t 

(i) SBQUBNCB CHARACTBRISTICSt 

(A) LBNOTHt 45 base pairs 

(B) TYPB: nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPCnMY: linear 

(xi) SBQUBNCB DBSCRIPTIONi SBQ ID R0sl09t 
GTGGTOCTAA ATAGTTCACT CTATTCAATG TCACACTC6A 6C0GG 45 
(2) INFORMATION WOR SBQ ID NOsllOi 

(i) SBQUBNCB CHARACTBRISTICSs 

(A) LSNCTH: 33 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGYs linear 

(xi) SBQUBNCB DBSCRIPTIONs SBQ ID NOsllOs 
- TATATTCTAG AGCAAGGAAC AGTTACIGOG AOG 33 
(2) INFORMATION FOR SBQ ID NOsllls 

(i) SEQUENCE CHARACTBRISTICSs 

(A) LENGTHS 33 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOOGYt linear 

(xi) SBQUBNCB DESCRIPTIONS SBQ ID NOsllls 
TATATATOGA TCCGAAG06T AGAGTCACAC TTG 33 
(2) INFMNATION FOR SBQ ID N0sll2s 
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(1) SEQUENCE CHARACTERISTICS s 
<A) LENGTHS 18 baee pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPQMGYi linear 

(xi) SBgOBNCB DSSCnZPTims SBQ ZD NOsll2t 
TTAACTGTCA AAAGCCAC 
(2) INFORMATION FOR 88Q ID NOtll3s' 

(i) SBQOENCB CHARACTERISTICS s 

(A) LBNGTHt 68 base pairs 

(B) TTPBs nucleic acid 

(C) STRANDBDNBSSs Single 

(D) TOPOLOGYs linear 

(xi) SBQDENCB DBSCRIP7I(»ls SBQ ID N0ill3: 
CGATGT66CT TTTAGAT6TT AAACCAGA6A AACACACG6A CTTC6GTCCG TG6TATATTA 
6CTG0TAT 

(2) INFORMATION FOR SBQ ID N0lll4l 

(i) SEQUENCE CHARACTERISTICS t 

(A) LBNGTHt 70 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDNBSSs single 
(0) TOPOLOGY! linear 

(xi) SEQUENCE DESCRIPTIONS SEQ ID N0sll4s 

CTAGATACCA GCTAATATAC CACGGACCGA AGTCCGTGT6 TTTCTCTGGT TTAACATCTA 

AAAGCCACAT 

(2) INFORMATION FOR SEQ ID NOsllSs 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 33 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGY s linear 

(xi) SEQUENCE DESCRIPTIONS SEQ ID NOsllSs 
TATATTCTAG AGCAAGCAAC AGTTACTG06 A06 
(2) INFORMATION FOR SEQ ID NOsllSs 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTH: 33 base pairs 

(B) TYPES nucleic acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DBSCRIPTICHIs SEQ ID NOsll6t 
TATATATCGA TCCGAA6CGT AGAGTCACAC TTG 
(2) INFORMATION FOR SEQ ID N0sll7s 

(i) SBQUENCE CHARACTERISTICS: 

(A) LENG TH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRZPTXONt SBQ ID N0sll7: 
TTAACT6TCA AAAGCCHC 
(2) XNTORMHTICm FOR SBQ ZD NO: 118 1 

(i) SEQDE NCT CT ARACTBRISTICS t 

(A) UBNOTUt 67 baM pairs 

(B) TXPBt nucl«ic acid 

(C) STRANDBDNBSSs ainglW 
(O) TOPQLOOyt limar 

|xi) SBQDBNCB DBBCRZPTXONs SBQ ZD NO: 118 1 

GUTGTGGCTT TTJUSATGTTA AACCM8A6AA ACACAOGGAC TT06GT00GT 66TATATTAG 

CTOGTAT 

. (2) ZNPORKATZM FOR SBQ ZD N0tll9i 

(i) SBQUENC8 GHmACTBRZSTZCS: 

(A) LENGTHS 70 baM pairs 

(B) nFBt nuclaic aeid 

(C) STRANDBDNBSSs Single 

(D) TOPGLOGTs linear 

(xi) SBQOBNCB DESCRIPTZQNs SBQ ZD NO: 119s 
CTAGATACCA 6CTAATATAC CACQ6A00GA AOTCCOT O TO TTTCTCTCGT TTAACATCTA 
AAJU3CCACAT 

<2) ZNFORHATZm TOR SBQ ZD NOsl20s 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 16 baaa pairs ^ 

(B) TTPEs nuelaic aeid 

(C) STRANDBDNBSSs singls 

(D) TOPOLOGY s linear 

(xi) SEQUENCE DBSCRZPTZON: SBQ ZD N0sl20s 
TCTCTGTCCT CCATGA 

(2) ZNFORNATZON FOR SBQ ZD N0sl21s 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 66 base pairs 

(B) TYPE: nuelaic aeid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGY s linaar 

(xi) SBQUBNCB DBSCRZPTZONs SBQ ZD N0sl21s 
TCGAGTCATO GAGAGAOOAG AACCAGA6AA ACACA06GAC TTGGOTOCGT GOTATATTAC 
CTG6AT 

(2) INFORMATION FOR SBQ ZD NO:122s 

(i) SEQUE NCE CT ARACTERISTZCS s 

(A) LENGTHS 64 basa pairs 

(B) TYPES nuclaie acid 

(C) STRANDBDNBSSs single 

(D) TOPOLOGYs linear 



(xi) SBQUBNCB DBSCRZPTZONs SBQ ZD NO: 122s 
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06ATCCMGT AATATACCAC GGAC0GAA6T C0GT0T6TTT CTCTG6TTCT CCTCTCTCCA 60 
TGAC 54 
(2) INFQRNATZON FOR SEQ ZD HO:123s 

(1) SBQOEHCB CHAmCTSRISTZCSt 

(A) LSNGTHi 35 basa pairo 

(B) nPEi nucleic acid 

(C) STRANDSDNBSSs aingltt 

(D) TOPQUOOYt liaMT 

(Xi) 8BQDENCB DXSCRZPTZORs 8BQ ZD NOxl23t 
GCCTOGAGAC AATOTACaUSO ATGCAACTCC T6TCT 35 
(2) ZNFORMATZON FOR 8BQ ZD 110:124s 

(i) 8SQUBNCS CBARACTBRZSTZCSt 

(A) LBW OTHt 36 base pair* 

(B) TTPBs nuclsiq acid 

(C) 8TRAHDBDIIB88S flingla 

(D) TOPOLOOrt Xinaar 

(xi) SBQDENCB DBSCRZPTZQRt 8BQ ZD HOsl24s 



GAA7C0ATTT ATCAAOTCAG TGTTOGAOAT 0AT6CT 



36 
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WHATISaAJMEP 



1. An alphavinis vector construct, comprising a 5* promoter which is capable of 
initiating the syntheas of viral RNA in vitro fixmi cDNA, a 5' sequence which is capable of 
initiating transcription of an alphavirus^ a nucleotide sequence encoding alphavinis non* 
structural proteins, a viral junction region viuch has been inactivated such that viral 
transcription of the subgenomic fragment is prevented, and an alphavirus RNA polymerase 
recogmtion sequence. 

2. An alphavinis vector construct, compri^g a 5' promoter which is capable of 
initiating the synthesis of viral RNA in vitro from cDNA, a S* sequence which is capable of 
initiating transcription of an alphavinis, a nucleotide sequence encoding alphavirus non* 
structural proteins, a viral junction region i^ch has been modified such that viral 
transcription of the subgenomic fragment is reduced, and an alphavirus RNA polymerase 
recogmtion sequence. 

3. An alphawus vector construct, comprising a 5' promoter which is capable of 
initiating the synthesis of viral RNA in vitro fit>m cDNA, a S' sequence vAMi is capable of 
initiating transcription of an alphavirus, a nucleotide sequence encoding alphavirus non- 
structural proteins, a first viral junction region \^ch has been inactivated such that viral 
transcription of the subgenomic fragment is prevented, a second viral junction region which 
has been modified such that viral transcription of the subgenomic fragment is reduced, and an 
alphavirus RNA polymerase recognition sequence. 

4. An alphavirus cDNA vector construct comprising a 5' promoter which is 
capable of initiating the synthesis of viral RNA from cDNA followed by a S' sequence 

is C2q)able of initiating transcription of an alphavirus, a nucleotide sequence encoding 
alphavirus non-structural proteins, a viral junction region which is either active or M^ch has 
been inactivated such that viral transoiption of the subgenomic fragment is prevented, an 
alphavirus RNA polymerase recogmtion sequence^ and a 3' sequence which controls 
transcription termination. 

5. An alphavirus cDNA vector construct compri^ng a S* promoter which is 
capable of initiating the synthesis of wal RNA from cDNA followed by a S' sequence which 
is doable of initiating transcription of an alphawus, a nucleotide sequence encoding 
alphavirus non-structural proteins, a viral jimction region v^ch has been modified such that 
viral transcription of the siibgenomic fragment is reduced, an alphavirus RNA polymerase 
recogmtion sequence, and a 3' sequence which controls transcription termination. 
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6. An alphavirus cDNA vector construct comprising a promoter which is 
capable of initiating the synthesis of viral RNA from cDNA followed by a S' sequence which 
is capable of initiating transcription of an alphavinis, a nucleotide sequence encoding 
alpbavirus non-stnictural proteins, a first wal juMtion r^on wiadi has been inactivated 
such that viral transcription of the subgenomic frigment is prevented, followed by a second 
viral junction region vAddx has been modified sudi that viral transcription of the subgenomic 
fragment is reduced, an alphavfaiis RNA polymerase recognition sequence, and a 3' sequence 
wbidk controls transcription termination. 

7. The vector construct according to any one of claims 1 to 6, fiirther 
comprising a polyadenylation sequence. 

8. The vector according to any one of claims 1-6 wherein said alphavirus is 
sdected from the group consisting of Aura, Fort Morgan, Venezuelan Equine Encephalitis, 
Ross River, Semlild Forest and Mayaro. 

9. The vector according to any one of dauns 1-6 wherein said alphavirus is 
Sindbis virus. 

10. The vector according to any one of claims 1-6 wherein said vector construct 
contains a selected heterologous sequence. 

1 1. The vector of claim 10 wherein said vector construct contains a heterologous 
nucleotide sequence of greater than 100 bases. 

12. The vector of claim 10 wherein said vector construct contuns a heterologous 
nucleotide sequence of greater than 8 kb 

13. The vector of daim 10 vdterein said selected heterologous sequence is a 
sequence encoding a protein selected from the group consisting of IL-1, IL-2, IL-3, IL-4, IL- 
5, IU6, IL.7, IL.8, IL-9, IL-IO, IL-ll, IL-12, IL-13, IL-14, IH5, y-IFN, G-CSF, and GM- 
CSF. 

14. The vector of daim 10 wherein said sdected heterologous sequence is 
obtained firom a virus sdected fix>m the group consisting of influenza virus, respiratory 
syncytial virus, HPV. HBV, HCV, EBV, HIV, HSV, FeLV, FIV, Hantavirus, HTLVI, 
HrLVII,andCMV. 
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15. The vector of daim 10 i^erein said .selected heterologous sequence is an 
antisense. a non-coding sense sequence or ribo^me sequence. 

16. The vector of daim 15 wherein said andsense or noncoding sense sequence is 
sdected firom the group oonastiqg of sequences vAidtk are complementaiy to inflnwiTfi virus, 
respiratoiy ^ynqytial virus, HPV, HBV. HCV, EB V. HIV, HS V and CMV sequences. 

17. The vector according to any one of claims 1-6 wherein said vector contains 
no alphavirus structural protdns genes. 

18. The vector of daim 1, 2, 4 or 5 i>^erdn a selected heterologous sequence is 
located downstream from said viral junction region. 

19. The vector of daim 3 or 6 wherein a sdected heterologous sequence is 
located downstream from said second viral junction regjon. 

20. The vector of daun 18» further comprising a polyiinker located subsequent to 
said viral junction region. 

21. The vector of claim 18 wherein said polyiinker does not contain a wild-type 
alphavirus restriction endonuclease recognition sequence. 

22. The vector of dum 10 wherdn s»d sdected heterologous sequence is located 
within a nudeotide sequence encodirig alphavirus non-structural proteins. 

23. The vector of daim 1 or 4 vdierdn said modified viral junction r^on consists 
of the nudeotide sequence as shown in Figure 3, from nudeotide number 7579, to nudeotide 



24. The vector of daim 3 or 6, fiirther comprising an adenovirus E3 gene or 
CNfV H301 gene located downstream from said second viral junction region. 

25. The vector of daim 3 and 6, further comprising a ^et^o^aral packaging 
sequence located between said first viral junction region and said second viral junaion 
regiotL 



7597. 
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26. An isolated recombinant aiphavinis vector which does not contain a 
fiinctimal viral junction region. 

27. An isolated recombinant alphavirus vector vAaidh produces reduced viral 
transcription of the subgenomic fiagment 

28. An aiphavinis structural protein txprtsAon cassette^ compriang a promote* 
and one or more aiphavinis stnictural protein genes» said promoter being curable of directing 
the expression of said aiphavinis stnictural protein. 

29. The expres^on cassette of claim 28 wherein said aiphavinis stnictural protein 
is derived from an alphavirus selected from the group consisting of Aura, Fort Morgan, 
Venezudan Equine Encq)halitis, Ross River, Semlild Forest, Sindbis, and Mayaro viruses. 

30. The expression cassette of daim IZjmheran sud aiphavinis stnictural protein 
is the alphavirus capstd protein. 

31. The esqiresrion cassette of daim 28 wherein said aiphavinis structural protein 
is sdected fi^m the group consisting of dphavirus structural protdns 6K, E3, E2, and El. 

32. An alphavirus stnictural protdn expression cassette, comprismg a promoter, 
one or more alphavirus structural proteins, and a heterologous ligand sequence, said 
promoter being ci4>able of directing the expression of said alphavirus structural proteins and 
said heterologous sequence. 

33. The expression cassette according to any one of daims 28 to 32 wherein said 
promoter is sdected from the group conastii^ of metallothiondn, Drosophila actin SC 
distal, SV40. heat shock protein 65, heat shock protein 70, Py, RSV, BK, JC, MuLV, 
MMTV, aiphavinis junction region, CMV and VAIRNA. 

34. A recombinant alphavirus partide ^di, upon introduction into a BHK cell, 
produces an infected cdl which is viable at least 24 houra after infection. 

35. A recombinant alphavirus partide which, upon introduction into a BHK cell, 
produces an infected ceD vAadh is viable at least 24 hours after bifection, said particle also 
carrying a vector constnictiHMch directs the expression of at least one antigen or modified 
form thereof in target cdls infected with the aiphavinis partide; said antigen or modified 
form thereof being aq>able of stimulating an immune response witlun an animal. 
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36. The recombinant paitide of daim 35 wherein the expressed antigen elicits a 
cell-mediated immune response. 

37. The reconibinant alphavirus partide of daim 35 wherein the expressed 
antigen didts an HIA dass I- restricted immune response. 

38. The recombinant alphavirus of dahn 35 ifitoein the expressed antigen fiirther 
didts an HLA Class Il-restricted immune response. 

39. A recombinant alphavirus partide which carries a vector construct capable of 
cUrectiiig the expression of a palliative in cells infected with the alphavirus partide, said 
palliative bdng capable of inhibiting a fimction necessary for the pathogenidty of a 
pathogenic agent. 

40. The recombinant alphavirus partide of daim 39 wherdn the pathogenic agent 
is a cancerous cdl or cancer-promoting growth fiictor. 

41. The recombinant alphavirus partide of daim 39 which directs the expression 
of a toxic palliative in infected target cells in response to the presence in said cdls of an 
entity associated with the pathogenic agent 

42. The recombinant alphavirus partide of daim 39 wherein the palliative is 
cq>able of sdectivdy inhibiting the expression of a pathogenic gene. 

43. The reconiUnant alphavirus partide of daim 39 wherein the palliative is 
capable of inhibiting the activity of a protein produced by the pathogenic agent. 

44. The recombinant alphavirus partide of daim 39 wherein the palliative 
comprises antisense RNA complementary to RNA sequences necessary for pathogenicity. 

45. The recombinant alphavirus partide of claim 39 wherein the palliative 
comprises sense RNA complementary to RNA sequences necessary for pathogenidty. 

46. The recombinant alphavirus partide of daim 39 wherdn the palliative 
comprises a defective structural protein of a pathqgemc agent, said protein being capable of 
inhibiting assembly of the pathogenic agent. 
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47. The rtcoihhtiiaiit alphavinis partide of daim 39 vMch directs the expression 
of a gene product capable of activating an othenvise inactive precursor into an active 
tnhitntor of the pathogenic agent 

48. The recombinant alphavirus partide of daim 39 i^ch directs the expresaon 
of the herpes tl^midine kinase gene product 

49. The recombinant alphavirus partide of cbdm 39 whidi directs the expression 
of an UNA molecule which fimctions as a ribozyme specific for a RNA molecule required for 
pathogenesis. 

50. A recombinant alphavinis partide vAidh directs the expression of a gene 
capable of suppressing one or more dements of the immune system in target cells infected 
with said alphavirus partide. 

•'•I 

51. A mammalian cdl infiscted with a recombinant alphavirus partide acconfing 
to any one 6f claims 34 to SO. 

52. A method of stimulating an immune response to an antigen, comprising 
infecting susceptible target cells with a recombinant alphavinis particle which directs the 
expression of at least one antigen or modified form thereof m target cells infected with the 
alphavirus, said antigen or modified form thereof beii^ capable of stimulating an immune 
response within an animal. 

53. The method of daim S2 viAerein the taiget cdls are mfected itt vivo, 

54. The method of ddm S2 iprfierein the expressed anti^ didts an HLA class I- 
restricted immune response. 

55. The method of daim 52 iNtoein the expressed antigen fiirther elicits an HLA 
Cbss n-restricted immune response. 

56. The method of daim 52, including, prior or subsequent to the step of 
infi^ting target cdls^ introducing into target cells a iniddc add molecule which encodes 
ehher Class I or Class n MHC protdn, or combinations thereof or a protein sdected fix>m 
the group condsting of CD3» ICAM«1, LFA-3 or andogues thereof 
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57. A method of inhibhtng a pathogenic agent, comprising infecting susceptible 
taiget ceDs with a recombinant alphavinis paitide vAiidk directs the expresaon of a palliative 
in cells infected with the alphavinis partide, said palliative being capable of inlubiting a 
fimction of a pathogenic agent necessaiy for pathogemd^. 

58. The method of daim 57 wherein the pathogenic agent is a cancerous cdl .or 
cancer-promoting growth fector. 

59. The method of daim 57 wherein the recombinant alphavinis partide directs 
the expression of a toxic palliative in infected target cells in response to the presence in said 
cells of an entity assodated with the pathogenic agent 



60. The method of daim 57 wfaerdn the palliative comprises antisense RNA 
complementary to RNA sequences necessaiy for padiogenictty. 

61. The method of daim 57 wherein the palliative comprises sense RNA 
complementary to RNA sequences necessaiy for pathogenicity. 

62. The method of daim 57 ^^lerein the palliative comprises a defective stmctural 
protdn of a pathogenic agent, said protein being capable of inhibidqg assembly of the 
pathogemc agent. 

63. The method of daim 57 ij^dierein the alphavinis partide directs the expression 
of a gene product capable of activating an otherwise inactive precursor into an active 
inhibitor of the pathogenic a^nt. 

64. The method of daim 57 wfaerdn the alphavinis paitide directs the expres^on 
of the herpes thynudine kinase gene product. 

65. The method of daim 57 wherein the alphavinis partide direos the e3q>ression 
of an RNA molecule which fonctions as a riboi^e sped&c for a RNA molecule required for 
pathogenesis. 

66. A method of inhibhing the Undiqg of an agent to a receptor associated with a 
cdl» comprising infecting suscqrtible target cdb with a recombmant alphavinis paitide 
which directs the esqiression of a bloddng dement in cdb infected vinAi said alphavirus 
partide, said blocking dement being capable of binding to either a receptor or an agent sudi 
that the receptor/agent interaction is blocked. 
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67. JExWwcdls infected 
ofdatin8 34toS0. 

68. Ex vnv cdls m&cted witti a reoomlnnaiit alphavinis pardde carrying a 
retroviral constnict. 

69. A phannaceutical composition compriang an alphavinis particle according to 
any one of claims 34 to S0» in combination with a physiologically acceptable carrier or 
dihient. 

70. A padcaging cell line which produces an alphavirus partide. 

71. A mammalian padca^ng cell line whtdi produces an alphavirus particle. 

72. A non-manmudianpackagB^cdl line wfaidi produces an al^ 

73. An insect packaging cdl line iT^di produces an alphavinis paitide. 

74. The packaging cell line of daim 73 wherein said insect padcagitig cell is a 
mosquito padca^g cdl. 

75. The padca^ng cdl line of daims 70 to 74 wherein the packaging cell line, 
upon introduction of a vector constnict, produces alphavinis partides capable of infecting 
human cdls. 

76. The packaging cdl line of claims 70 to 74 iP^erein said packaging ceO line 
produces alphavinis partides in response to one or more Actors. 

77. The packa^ng cdl line of any one of daims 70 to 74, vAieretn alphavinis 
inhibitory protein is not produced. 

78. A retroviral-^erived producer cdl line suitable for packaging and production 
of an alphavinis vector, conqmsing an esqrresaon cassette v^ch directs the expresdon of 
gagtpoU an expresacm cassette which directs the expression of env, and alphavinis cDNA 
vector constnict containiqg a retroviral packaging sequence. 
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79. A VS V-G derived packaging cell suitable for packaging and production of an 
alphavinis vector, compriaqg a stably integrated eiqnesston cassette vAnch diiects the 
oqnession of VSV-G. 

80. The padcagiqg cell line of daim 79, forther comprising a stably integrated 
expression cassette vAddtk directs the eaqiression of one or more alphavinis structural 
proteins. 

81. An alphavinis producer ceD line vMdk is capable of producing recombinant 
alphavinis particles. 

82. The alphavinis producer cdl line according to claim 81 wherein said 
reconibinant alphavinis partides are capable of infecting human cdls 

83. The alphavinis producer cdl line accordiqg to daim 81 herein said producer 
cdl line produces leoombinant dphawus partides in response to one or more fiictora. 

84. The alphavirus producer cdl line according to claim 81 wherein said producer 
cdl produces dphavinis particles in response to a diffisrentiation state of said producer cdl 
line. 

85. A eukaiyotic layered vector initiation system, comprising a promoter which is 
capable of initiating the 5' synthesis of RNA from cDNA, a construct wMch is capable of 
autonomous replication in a cdl, said construct being capable of expressing a heterologous 
nuddc add sequence, and a 3' sequence vAadh controls transoiption termination, with the 
proviso that said eukaryotic hyered vector initiation system does not contain sequences 
which encode alphavirus nomstrucbind proteins. 

86. The eukaryotic hqrered vector imtiation system according to daim 95 wherdn 
said construct i^ch is capable of autonomous replication is m opposite orientation to said 
promoter and said 3' sequence which controls transcription termination. 

87. A mammalian cdl containing a stably integrated eukaiyotic layered vector 
initiation system according to daim 85 or 86. 

88. A eukaryotic leered vector initiation system, comprish^ a promoter which is 
capable of initiatiiig the 5" synthesis of RNA from d>NA, a constnict vAich is c^le of 
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autonomous rq)licatton in a cell, said construct being equable of expressing a heterologous 
nucldc add sequence, and a 3' sequence which controls tran sc ription termination. 

89. A cukaiyotic layered vector initiation ^yston, compriai^ a DNA promoter 
which is capable of initiating the 5' synthesis of RNA fiom cDNA, a construct which is 
cqiable of autonomous rq>licalion m a cdl, said construct bdqg cqiable of expressing a 
heterologous ribonucleic add sequence, and a 3* DNA sequence which controb transcription 
termination. 

90. The eukaryotic layered vector initiation system according to chum 88 or 89 
wherein said construct is an alphavirus vector constnict 

91. The eukaryotic beared vector mitiation system according to claim 88 or 89 
wherein said construct is derived fiom a virus selected fiom the group con^sting of 
poUovirus, riimovirus, coxsaddevirus. rubeUa, yellow fisver, HCV. TCEV. IBV, MHV, 
BCV, parainfluenza virus, mumps virus, measles virus, respirstoxy syngrtial virus, uifluenra 
vims; RS V, M6MLV, HIV, HILV, hepatitis ddta virus and Astrovirus. 

92. The eukaryotic biyered vector initiation system according to dahn 88 or 89 
wherein said promoter is sdected from tiie group consisting of tfie MoMLV promoter, 
metaUothiondn promoter, glucocorticoid promoter, SV40 promoto*, and the CMV 
promoter. 

93. The eukaryotic layered vector uutiation system accorduig to daim 88 or 89, 
further comprising a polyadeiqiation sequence. 

94. The eukaryotic hymd vector initiation system according to daim 88 or 89 
mdierdn said sdected heterologous sequence is a sequence encodir^ a protdn sdected from 
the group consisting of IH, IL-2, IL-3, JLA, IL-5. IL-6, IL-7, IW, lL-9, IL-10, IL-1 1, IL- 

. 12, IL.13, 11^14, IL-15,y-IFN,G-CSF, and GM-CSF. 

95. The oikaryotic layered vector initiation system according to claim 88 or 89 
wherein said sdected heterologous sequence is obtained fiom a virus sdected fix>m the group 
consisting of mfluenza virus, respiratoiy syncytid vims, HPV, HBV, HCV, EBV, HIV, 
HS V, FeLV, FIV, Hantavhrus, HTLV I, HILV n, and CMV. 
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96. The eukaiyotic layered vector initiation system according to daim 88 or 89 
wherein said selected heterologous sequence is an antisense, a non-coding sense sequence or 
libozynie sequence. 

97. The eukaiyotic layered vector initiation system accordqg to claim 88 or 89 
wherein said a nt ise n se or noncoding sense sequence is sdected fiiom the group consisting of 
sequences iviuch are complementary to uifluenza vms, lespiiatoiy syn^al ^s^ HPV» 
HBV, HCV. EBV, HIV, HSV and CMV sequences. 

98. A method for ddtvering a heterologous nudeic add sequence to a warm- 
blooded animal, comprising administering to said warm-blooded animal a eukaiyotic layered 
vector initiation system according to dafan 88 to 89. 

99. A recombinant alphavinis partide that b resistant to inactivation in serum. 

100. A method for titering lecondHnant alphavinis paitides, comprising: 

(a) infecting cells accoidiqg to dahn 88 with recondrinant alphaviius 

partides; and 

(b) determining the expression of a heterologous nuddc add sequence, 
such that said titer may be detennined. 



WO9C/17072 PCT/US9S/15490 



Figure 1 

Sindbis Virus 
Genomic Organization 



I I 



I III 

• ill" 



I 



il 



A 



A 




I* 



Vf096nWn ^1 PCT/US9S/19490 



Rgufe 2 - 

AH/ffmCATDN OF Sto«lDBS C^^OB/E 



I 

Nenseus»itPnM.«s jfj s«uea«J Pmirtt 
f ■ — ► , 



1 

< 

I 



I I 



t ' ^Se I 



^ T33S S38S 10382 . i 700-2! 

W ^ 



1A/1B ^ 



'3A/734gR^ 

^^A/10334n^ 

•^0373«r4»^ 



WO9&17072 3/ PCTAJS9S/15490 



FIGURE 3 A 



A77i5AC3£CG TAGTACACAC TATiGAATCA AA.CA5CCGAC CAA7CGCACT ACCATCAr. .p 

TGGAGAAGCC AGTAGTAAAC GTAGACSTAG ACCCCCAGAG TCCGT7TGTC GTGCAAC7GC 12C 

AAAAAAGCTT CCCSCAA7T7 GAGGTAGTAG CACAGCAGST CACTCCAAA7 GACCATGaA 180 

ATGCCAGAGC AT7TTCSCA7 CTGGCCAGTA AACTAATCGA GrTGGAGGTT CCTACCACAG 2^0 

CGACGATOT GGACATAGGC AGCSCACCGG CTCGTAGAAT GTT7TCCGAG CACCA5TATC 300 

A7TGTGTCTB CCCCATGCS7 AG7CCAGAAG ACCC5GACC6 CA7GA7GAAA TA7GCCAG7A 360 

AAC7GGCGGA AAAASCS7GC AAGAHACAA ACAA^AACiT GCATiSAGAAG ATrAAGGA7C 420 

TCCSGACCG7 AC I )bA7AC3 CCSttA7EC7G AAACACCA7C GC7ulECTr7 CACAACGATC- ^30 

77ACCTGCAA CA7GC37£:c GAA7A77CCG 7CATi3CA£SA C57G7A7A7C AACGC7CCCG 5^0 

GAAC7A-C]^ 7CA7CAGS:7 A7SAAAI-2:3 TGCS-GACCtJ G7ACTGSAT7 6cC77CSACA 600 

S?^- ' GC7A7GGCAS GT7C37ACCC 7GC37ACAAC AC:aaC7GG5 660 

CCteACGASAA AG7CC77£iA GC5CG7AACA 7C:-2;.:777G 'CAfiCACAAAG C7GA.:-7£AA6 720 

G^SACAK AAAi : (G^:S A7AATGA-33A. A3.iASGA£7T GAAGCCCSGG TCGCSGGTTT ysQ 

A: . .C7CC3T AGSA.TCoJ.CA CTTTATCCAG ^^O^'^t^ZZ CASC77GCAG ASrrC-3CA7C 840 

T7CVA.CS-S7 GT7CCAC77G AATGGA^ASC AGTCS7ACAC TrGCCGC7G7 GATACA.G^ SCO 

7&iArrr£C3A A&3C7AC3TA G-GAA3;AAA 7a:CA7CAG 7CC:3G£.A~ AC3£3AGAiA crc- 

CCG7GGGA7A CGCGG77ACA CACAA7AGCG ASC-3C77C77 GC7ATGCAAA G7iAC7GACA 102O 

CAG.AAAAGG AGAACGGGTA 7CG7rCCC7G 7G-5CirS7A CA7CCC:-£CC A0:A7A7GCS 1060 

AJCAteAiGAC 7GG7C7AA7G GCCACGGA.7A 7A7CACCTGA CGAT5CACAA AAAC77CTGG 1140 

77GGGa{:AA CCAGCGAA77 G7CA77AA.CS G7AGcAC7M CASGAAttCC A^:CA7GC 1200 

AAAA77ACC7 7C7GClGA7C A7AGCACAAG G-37TCASCAA A76GGC7AAG GASCGCAAGG 1260 

ATGA7C77GA 7AACGAGAAA A7GC7SG7A C7AGAGAACG CAAGuTACG 7A7GGC7bC7 1320 

TCTGGGC377 7CGCAC7AAfi AAAG7ACA.77 CS77r7A7CG CCCACCTGGA ACGCASACC7 1380 
XrX'T^^'^' CCCA.SCC7C7 1 1 lAI-CGCrr 7CCCCA:gTC GTCCG7A76G AC3A.CC7C77 

TGwCaitiC 6C7GAGSCAS AAA7TGAAAC TGGCATTGCA ACCAAAGAAG GAG-3AAAAAC l^OO 

• 7GC7GCAG3- C7CG£A£-£AA T7A57CA7S3 ASGCCAAGGC 7GC7777EAS GA7GC7CAGG 1^0 

agbaagccas agcggagaag ctccgagaag CAcnccAcc attagtggca gacaaaggca ibo 

7CGAGGCAGC CSCAGAAGTT 67CTCC6WG TCGAGG6GC7 CCAGGCGGAC A7CGGASCAG 1580 

CAHACTTEA AACCCCGCGC GG7CACG7AA G-3A:W7ACC 7CAAECAAA7 GACCG7A7GA 1740 

7CGGACAG7A 7A7CG7TC7C 7CGCCAAAC7 C7GT5C7GAA GAA7GCCAAA C7CGCACCAG 1=00 

CGCACCCGC7 AGCAGATCAG GHAAGATCA 7MCACACTC C^AAGATCA GGAAGG7ACG 1860 

CKTC3AA:: A7A:3AC3:7 AAA57AC7GA 7GCC-.GCAI-S ASG7GC:G7A CCA7G3:CAG ■ 1920 

AAi ICC7AGC A:iGAG7GAG AGCGCCACS: 7AG7G7ADSA CSAAASAGAG 77TuTG.iA:C lasn 

GCWAC7A-A cca.:a-7g:c a7gca:c-3:c c:3::a.a3aa 7a:a£aa£a.g ^^i^ 20^0 

a23!.a:va gg:a.gag:77 GCAaiAACAS A:-i.:3TG- 7gacg7g-3;: AJ'-iA:--':— -a^ 

g:3 :aaga^ gsaagaagcc 7cag37C7:-3 7c:7:r:s33 a3aac7ga:c AA::r:cc7 '{{iz 

A i.A.GA3CT A3:TC7G3.iG 6GA:r3AA3i. C::ii::7GC 637CCCS7A: AA337CGAAA 22?0 

CiA.A^.3Ar a^TA33:>:A c:3G-33-::-3 g-:^a3-::3: 7AT7A7jw5 7caa:7G7ca 
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FIGURE 3 B 



CACTAOTK crreS^iS? t^c^t S*?*^ ^'S' 

cwTGCM-5 csssTrcn MtAW f?I^;^^:^ r^csMACc jao 

«£»aTAT5 CAC-uai ncTiSi^^ ^-S^ife; '-"-^^ 'HO 
C^Sfe- ^JSS'' GWTMT^ 

^ ™r-fP «o 

TTGCTc-i.:? ^ii-^r^"^' »-r-^-,— : '.:?.r.bf^: '-^'t^^-Ac AAS^^iAr^i vrj 

Are^3:2.. A-^czzA lS7r.r4: '^lEf^H ^E-"^-: aisc 

T>p.:£T^AT nC-CATTAAG TTTTTcSS ^gS^SS^" iS^r-^^r J^SF' ^245 

A^ZCA^ AAZCC5:A^2 TATS-3-2TACS A-CAT^rl"; T-;r-r^^: ^l^^'"^^ -360 

GA7TTCCGG- 6TTCCASCTA Gniff'ur- r-t^^^rl^ i^^^^--^^^ CTCTCCCGTA 3^20 

TGAAT7GCCT CWCcJ^GA S^'^^tt ASCCCTuCG C-STTCGKCC 

GiACACGGCA. AT7CACCCCG CACCATCTCiV A-7r--Trii- i-^^iv^Ji:! ^^^^W^GCC 4020 
«'*STTCTC AACSMSrCA ~C3:S SSSI 

^ Sc S ™ ^S? 
*:^5:.i,; T^Lt:^ ^^x^. c^wtttc: 

:-.::r:r::: E:.- .r^^u c7T£a.caac-: gcgct/^ca 
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FIGURE 3 C 



J^-JSS AC-v-iaWSA reAHMTATB S»a>:t3ACS 

J™: j~ 1^ ^ 

CTCCTC^GC ACASScEiAS SSc'-'-^s ^^i^^f^J J^F^CCG 5100... 

6r^^ ?^cti:± J:^^^!:?: tatggats^c AGTAc-csi^i si ; 



C^-CAAS AAAAGAi:::: ACTCCAC^^i S^A^ J^S-^-- r-rS;iS 
C^GSTG-S C-GT^.-CCAT? T.-^rc.;:: r.\^:.^ L?^!^':"-'- dCJi.Crra • 54£C 



c^TGG GGT.SX KcSS: SSScS - - 

s^t;^s s^s'^? J™ ^^s^^- £a"??g^s is 

ga";^S G^^'^SJ ^S-'SriS ^^cc^ S 

CACTACGCAA SCAi^SS? ^g^^C^ J^IJ^J G;ATCTTTTC 5700 

TAGSTE.2GTA CATATTTTCG ACGG^^aSg' G™-' JS^^^f.'^^ CTAACCGC-SG V6Q 
TG-CAGAirrA cnrarf rrr^"„^ «-i.<.i«:BcwA CTTGCAAAAG AA.GTCCGTTC c£?n 
I-~Z-L 6CTTACAGAA CCGA.CC77GG ASCGCAATGT CCmciATj *-TrA-?r<.i^ 
CSS7GC7CGA CACG7CGAAA 6AGGAACAAC TrwIrrrJr rS^i^^ AmCA.GCCC 5c80 
AACCCAACAA AAG7AGG7AC O^^^^a S^Sa^ Tr^?^rl^^ AJGCCCACCG 5940 
A5C3AC7AC7 G7CAGGA:7A CC'i^S-I t^'-^t^Z ^CAGAAAGCC A7AACCAC7G 6000 

AGA7CACC7A T^S^ ^^^^^J ^ {^gf ^CCA ^TG5a7A SObI 

AG7rCSC7G7 AGC7G7C7S7 AACAAC7A7C kSl-'AcI. SJ-r^I? ^ClGA7CCAC 6120 

A7CAGA77AC TG^rGAC-li GATCCTO^ S^^-lSSj Jlt^JE?" 67A6CA7CTT 6160 

AGGASnCGC TCC-SAAtCrA AnA-SAm Sr^-*/S tt^^"^ 6AS7A7TGSG e^gfl 

GAC7GAAAGG C:TO ^SeSt^ ^J^^E^ ?I5JfiI^ ^^^O 

JAGAAG7G.:: 7A7GG^7AG;^. mCGT:J7G5 A-J"! Ja^ A(iJ---i' r-rS-S ^^^'^ 

GCACGiAA:A c4-iGAAtii A':^'--^.'^ -r-.^C.'?: 7f iACAccAG ea: 

CGArTGCTT. cTf.^^ ;::^;r^: ^--^ 672C 



C-^TGCGGG AT7:4.::S2G AA-7A.':7G"- lArJ:'!^^-- '^'"^ 

7T.::.iAA:A- 7c-:a:3-7t 7-7GA-i-£- ri---- --t i:^: '^--^ 675: 

"^- t C5^.--aA«*. 77TrG;7GC;. ATCA'AGCAG 6=-" 
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FIGURE 3 D 
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SSS' ^CGGATAT CGCA7CATTC ^CAAAAC^r 
T6GC7GAGA5 .GTSC3CCACC TGGctSaCA TG^i^S 6A.CMASA^A 72oJ 

AorrrACTTc TC?SSS? ^"^"^'"^ 

ACGACSASCA ASAcS^l'c a^^^"- S;-^ K-STA^^CG CTCCWGCCG 
£»«TASGTA7 A^cJSi4 J-^J^S-' l^^l^ ^^AACAAA^ GC3~-.3T7tI 

ttacacctg- c-TAcf^i i^S^ ^:l!i:C3fS CCKTA7GA.G gtagacaata 
tcagasc-ha aa-aaas-^^t Sai^t-; ;:r::??f:? ^^^•£«CA ttccaagcca. 

tSI ,S 1^1' S 

ASwscAGGc gccSastL ScSx J.^^^^^tcc acgcccgcca ccscgccagS 

AJA3CAACC ?c:i:S:;^ JJf^^CGCAG GAGaISIS 

CCGACAGAH GTTCGACGTC AAGAAcSS A^^^^r^ CA.toaCACTT AAGT7GGAGG 7SE0 

I^J^ GG7AA7GAAA C^J^l ^^<K GCAC7GGCCA SM 

CAAAGC7CAA AT77ACCAAG TCG7CAC-.:!iT z-T'tiCf^ W^CbACCAC CC7E7GC7A7 £100 

^^^^ cS?^ 7^1^^ ° 

gL&Sg c--"-;-I S^^' G^I^^i 

AGACAA77AA GACGA.CCCOB ^SlJ JIJJSSI C/'Cw-GSAAT AG7a;aGGgI jjn 

CAA7G7G777 £:7CG£AAA7 ^^^^ ^'r^^ GX^GCACCA CTGSTCA^ J^O 

GCGAACC77C CA5ASCCC7C SSS^ ^J^'^ CCCGCCCACA TGC7A7ACCC SS 

CCC7GC7CAA TCCCATAtS ^2^^ JJ^^J^"^^ GAACCATGAG GCCTAcSS S 
ACGA.C7T7AC CciSiS cS?^ A«6CAAAAGA AGCG75nG 
CG7GC77CAi: CCC75f7^ G7AC7GCCAC CA7AC7liS 

GCATACA5AC 77CCGCCCAG 777EGA-^:c: K^S^^ J^^f f;CACCA7AC 6760 

f--^*>2 cag3a.:ca:a c::^^5 ?5f:-=^27 8c2o 

/'-A. .A ~CASGA.::s 7G7AGAA£-- r'--.Cr: f^;-:""-''-- CA7£i:A7CA £=c,. 

f^Tsrrr:: a^^sa:::: cfAl-^^: Sf-*^ ^70:7:3.3;^ ISJ 

c-c. .^.33 TAA-A3AAr: c:t73d;:^-. rf::'-"'' g*"ctacc7c sc^o 



.WOM/17072 




PCT/US9S/15490 



FIGURE 3 E 



ACATCACTAT GWCAGSCCS GSACC5CAC3 C77ATACA7C CTACC7GGAA GAATCATCsG V.&Q 

GGAAAGTHA CGCAAAGCCG CCATOSSGA AGAACAHAC GTATGAGTGC AAG7C-CGGCG 3240 

ACTACAASAC CGSAACCGF TCGACCCGCA CCGAAATCAC TGGTTGCACC GCCATCAAGC 9300 

AGTGCGTCGC CTATAA£AGC GACCAAACGA. A£TGGGTC77 CAACTCACCG GACT7GATCA g-sfiO 

fiADJTGACGA CCACAC3GCC CAAGSGAAAT TGCAmGCC T77CAAGT7G ATCCCGGG^ 5^20 

CC7&^T5GT CCCTGTTGC: CAK^CGA ATGTAATACA TG5CT7TAAA CACATCAGC'- S4ac 

TCCAATTA6A TAaGACCAC nGACA.TTGC TCA.CCACCAG GA.6A.CTAGGG GCAAACCCGt ccjo 

AACCAACCAC TGAATGSATC GTCGcAMGA CGGTCAGAAA CTTCACCGTC GACCGAfiATG ^00 

GuCTCSAATA CATATGC-SGA AATCA7GAGC CAGTGAGGST CTA7GCCCAA GAGTCAGCAC 96£fl 

SSfSSJ TCACG£A7K,CfACACSA^;i, TASTACAG-rA T7ACTACCAT CGCCA.TCC7G 9720 

TG7ACACCA7 CT7AG.:CG7C •GCA7CAGC7A CaS7GGC£A7 GA-TGAHC-GC G7AA.C7GT7G 0750 

.^Ijnj:? lEEjySI^^ KGCSCCGTG AGTGCC7GAC GCCA7ACGCC aGGCCCCAA m'o 

ACGCCisTAA. C-uAACTTCG C7GSCAC7CT T2TGC7GC37 7AGG7.-C':CC AA-^rrEi*' ^-nn 

SSt'?: CGAArJ^A l^i7c^c : : 

TCTKA7ACC T77GSCCSCS T7WTC377C 7;i;i.7G.:5CTA C7GCTCCTGC 7e:C7GCC77 j}^ 

T7T7AG-GGT TGCCGGCGCC JAZ:JQ^ AGG7AGACGC C7ACGAACA7 GcScSctg lOol' 

fi^^t CAC n G77GA AA£.G£CA£-GG TA7GcESc mil 

TCAATTTBoA ^..tACTETC A7G7CCTCSG AG3TT77GCC T7CCACCAAC CAAGAGTACA iwnn 

TTACC7GCAA A7TCACCA.C7 GTGG7CCCC7 CC:CAAAAA7 CAJiiSE SctJ^S ^ 

gSE? ! CC7GCAAGGT C77CGGAGGG ^Tcf^ 3 

liAi5iBBBB A««r«v.acMH 7b n 1. itCG ACAG7GAGAA CAG:CAGA76 AG75AGGC57 in-Jcn 

S7CAi:CAGA7 7GCGCG7C7G ACCACGCGCA. C<T^A^ G^C^JSctG SI40 

CCGCGA7GAA AG7AGGAC7G CG7A7AG7G7 ACSGGAACAC 7ACCAG777C C7AGA7G7G7 S 

CAGOiCGi I 7Ac«CCAi .C GA7CA7AASG 7CG77A7CCA TCGCGGCC75 G7G7ACAAa lOfiM 

A7GAC77CCC GGAA7A7GGA GCGA7GAAAC CA.GGAGCcn CGGAGACA77 CAAGCTACC7 lo2o 

CCTTCAC7AG CAAGGA7CTC A7CGCCAGCA CAGACA77AG GC7AC7CAAG CC77CCGCcI iSSo 

AGAACG7GCA 7G7CCCG7AC ACGCAG5CCG CA7CAGGA7T TGAGATCTffi AWMOAcV OMQ 

"^^^^ '^"^ ^^cSgS S?c oe S 

GAGCbG76GA. C7GnCA7AC GGGAACA77C Ctt777C7A7 7GACA7CCCG AAC^CTGCCT inc;? 

TO7C«GAC A7CAGA7GCA CCACT5STC7 CAACAGTCAA A757GaS7? AGtcSS lof|o 

rrM77CAGC AG-CTTCGGC GGGATGGCC^ CCCTSCASTA TG7A7CC-3A.C CGCGA^^ y/uQ 

AATGCCCCGT ACA,77:GCA- 7CSAGCACA3 CAA:7C7CCA AGA37C3A.CA. (^ImSlr ftPJ? 

7UGAGAAAGG AGCGGTSACA GTACACTTTA GXCGCGA3 TCCACA.3G:G AACTT^A^O^ m .'3 



A;..3A.::a<:3 A^-T7CAA£C CGCCA7C7CA aaaaca-cat - :i^c 
W :tar.i G- s .bwi.-» . 77CS3:33:3 C:7C37CG:7 A-7AA77A7A 6GAC77A75A V''"^ 

' • ■ ;c-. • jG ca3:a:cA73 CTSAr-AjCA C4:-3AASA7G a:cgc7a:£: c::AA-£A-r 
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FIGURE 3 F 



CGACCASCAA AACTCGA7G7 ACTTCCEAG5 /UCT6ATBTG CATAA7BCA7 CAQSCTGGTA 11460 

CAHAGATCC CCSCTTACCS CGEGCAATAT AGCMCACTA AAAACTCGA.T GTACTTCCGA VS2D 

KAAKGCAG TGWTAA75C T5CGCAGTET TSCCACA7AA. CCACTATATT AACCATTTAT lisgn 

JIJJ^E^ CCAAAAAC7C AA76TAT7TC 7GAe£AAGCS TBGTSCATAA TSCCACSCAG 11640 

CbTCTEJV.A ACT7nA77A rrrC7TrTA7 7AA7CAACAA AA777TGTT7 T7AAa7TrC 11700 

^fJ^JiS: JS:^ A^AAATC7AG AS£SC:C7A7 7C7A7AGTG7 CACC7AAA7S li 760 

TCSACTG7GC CT7aAGT7G CCAGCCA7C7 G77GT773CC il820 

SSf?- f ACCCTGSAA5 G7GCCAC7CC CACTOTCC77 TCC7AA7AAA 11S60 

Ji^-^^: I"'^;5S^ IflEI?^* 63TG7CArrc 7A7TC7GGG5 GG7GGSSTEG llg^o 
ft^fj;^: CAf«.--'5SSAu 6A.7rGC-3A^ ACAA7A£C:aG GCAiB-nSC-S GATSCSruS : 12000 

?EL^:Jt* JlfS^-^"^ "^^-^^^'^ G:TcJ:-5C7C.7AGC-5GG7A7 CCCCA.C-3C2C l'n°o 

^r'^SiE- f •fEjJJJ^.^E JSCGGG7S 7GS7GG77AC C-CGCAGCG7G ACCSC7ACAC lillo 

J::^:::::: CTT7r7ccc t7cc777ctc cd^cstcg 12I20 

I^^i^J^J J^E^;: AA^GATT A«.r5A.7G-3 77CAC37A3T &:-3CCA7C£.: 123CC 

UicA.iAGAC GjTTTTTlG: CCTTTEACS" 75£AG7CCAl G77rrrrAA7 4CT««Trr 1- 

™E lEi:^^^?. ETCAACCC7A Tr^^Si - -J 

V^^^' Jj!:fS~ ^-SAGCTuAT 77AACAAAAA 7TTAACGCGA. P4S0 

G^l^T^TAT J^^tVX rl^.^i ^'^^^ TCCCCAGGC7 CCCCAGGCAG 12"540 

^^Itl ^•<^CAA77 A.rCA3C»AC CA&3TG7GcA A^G7CCCCAG l?^nc 

;J5E^:a 7GCA7C7CAA 77AS7CAGCA ACCA7AG7CC ^66 

^'^l": C-SCCCC7AA CTCCSCCCAG i7CCGCCCA7 7C7CCGCCCC 12720 

?rS^^? J^^I^ jni^I^"^ '••^^^'^^^-'^ C'^CC7CTGCC 7C7GAGC7;7 5^80 

l^^^l-r ?;^t^ JSIP^ '^^"^^^ C : CCCG5SA.G llslo 

ilrllrlt^i ?-rlll!^ TCTGA7CAAG AGACAGSA.7G AG3A7CG777 CGCA7GA.77G 12S00 

AACAA.GA.7G3 A; tQCAO^rfi, GSTTCTCCG3 CCG-mGGST GGAGAG^CTA 77:5SCT TP .Sn 

^^^r J^J?JJ5J J^??^^ ^^''^^ '^^TGAA CTGCAGGACG 3080 

Si^S"! ^^t^^'^^ CiGGCCACGA CGC-C-CGHCC TTGCGCAGC7 6TGC7CGACS S 

TTCJCACTGA ASCGGGAAGS GACTGGCTGC 7A77GGGCGA AGTECCGGGG CAGGA7C7Cr S 

TGTCATCTCA CCnGCTCCT GCCGASAAAS TA'CCA.7CA7 GGCTGATBCA ATSci^GCr^-C ISS 

I?^CC5GC7 ACCTGCCCA- TC3ACCACCA AGCGAAACaI C^f^ } 
IfS^ISf: S:EI:« ^CGA7CAC-GA TGATCTGGAC GAA-3AC-S?J 
CTSTTCGCCA SSCTCAAcGC GCGCA76CCC G.AC3G:-3A33 

'^"rrf £-*sc:7s:7 73::saa7a7 CA76-37£3A;i aa-^scSct 
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FIGURE 3 G 
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K3CTCSSTC ETTCSSCTSC ESCSVEr-^ AV "S^l JJIS^i S'^^'CKT :«jo 

GCATCACAAA JSc^^f ^Sfe ^r^.:: TI i^SS'- ^ 

CGS^TACCTG 'c:^ E^^i ^-5:77.: 

TAGGTA7CTC AG7TCC-57G7 aS^^c^^S rcEi^TC: r"^';^I f^T^^'^^-^ "640 

ACACGAC77A 7CGCCAC7GS 0»£CAGCCAC iS-I^-l:: I-^-^JEff *-CS-STAAG 14760 

/»£SCSSTGC7 ACA£iG7rC7 tSs??-- r--^?^" CGAG.37A7G7 14520 

A777637A7C TGCGC7C7a SaJg^Sct C-5CTACAC7A GAAGGA,CAG7 {iio 

ATCKcCAA^. CA^SicS C^Jc^^ t^^^^ S^AGC7CT7G Swo 

GCSCAGAAAA AAAG5A7Sc AAgSa-? eTTTGCAA^C AGCAGA7TAC 1500O 

GTG3.ACGAA PAar,.£^ ^^ -g- - ^^AgC-GGT C7GA:.3C7CA S 

C^5.7CC77 T7AA;-AAA AA7B:A5777 f ™C 15120 

T7GU.C7GAC AGT7ACCAA7 GCT74A7CAG jt^-.^CCT l^lrrr. iS^ '^^^ ^3160 

IC577CA7CC ATAG77CCCT Cirrr-rr-- J^-rt ^'tTCAiiCSA 7C7E7C7A77 -MAf, 

«ccAin£ S^wi! JJ2?»"^ '^^^ 

K ^ ^ ~ s s:? 
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FIGURE 3 H 



IJ?!J22 ^:LL G5TGAGCAAA AACAG5AAC-G CAAMT6CCG CAAAAAfl'^^G igajft 

iJ^22AAA7 GTTGAATAa CATV^aCTTC CTTTTTCAAT ATOTT-^is S 

f;™I2S gTATTGTC TCATGAGCGS ATACATATTT GAATBTATTT AGAAWATM S 

Jrf:? JfS?^-^ TKCAAGCTA GOTAAGTAA CGCCATiTTC S 

ri^tT^^JS: f ^^A.ACAT AACTSAGAAT ASASAAGT7C ASA7CAA5S7 CAGGAACAHA illlo 

^^^'^A AecAGTrSr GarcaJS g eJ 

fi^^?^^i SSI^"^'' ^^^^^ *SGATATCTG T&STi^Ss it!? 

?fSSSr t?r^?tl S^-?^ '^•STCCCCAG ATGCGGTCCA GCCCTCAGCA l^oj 

rnJ^A J^f TCT77CCAC-3 GTSCCCCAAG 6ACCT5AAAT GACCC7GTGC l«2o 

™ S^Si; iSS^S SS^ ^^^^^^ ^^^^ s 
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FIGURES 



SiNDBis Helper Vector Construction 
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FIGURE 6 

Figurt 6: Exprtssion and Rmcus 
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FIGURE 8 
Alphavirus Physical Gene Delivery 
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FIGURE 9 



ELVIS'LUC vs SINBV-LUC TIME COURSE 
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FIGURE 10 



ELVIS Vector Reporter Gene 
Expression Enhancement 
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flGURE 12 



SIN-luc vector packaging by Sfndbis 
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FIGURE 13 
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FIGURE 14 



ELVS Expression In 
Undifferentiated F9 Cells 
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FIGURE 16 

Expression and Packaging of 
SIn-HB precore/e Veptor 
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FIGURE 19 




BHK ceils transfected wfth EMs-HBVe 



